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TOSHIBA 



1 . Dynamic RAM 



Capacity 


Type Na 


Organi- 
zation 


Access Time, Max(ns) 


Cycle Time 
Min-(ns) 


Process 


Power Dissipation, Max.(mW) 


Pins 


Operating 
Mode 


'RAC 


<CAC 


Active 


Standby 


256K Bit 


TMM41256P/T-12 


262,144X1 


120 


60 


220 


NMOS 


330 


28 


16/18 


Pago 


TMM41256P/T-15 


150 


75 


260 


275 


♦TMM41 256AP/AT/AZ-1 


262.144X1 


100 


50 


190 


NMOS 


440 


28 


16/18/16 


Page 


*TM M41 256AP/AT/A2-1 2 


120 


60 


220 


396 


•TMM41 256AP/AT/AZ-1 5 


150 


75 


260 


358 


TMM41257P/T-12 


262,144X1 


120 


60 


220 


NMOS 


385 


28 


16/18 


Nibble 


TMM41257P/T-15 


150 


75 


260 


330 


•TMM41 257AP/AT/AZ-1 


262,144X1 


100 


50 


190 


NMOS 


440 


28 


16/18/16 


Nibble 


•TMM41 257AP/AT/AZ-1 2 


120 


60 


220 


396 


•TMM41 257AP/AT/AZ-1 5 


150 


75 


260 


358 


TMM41464P-12 


65,536X4 


120 


60 


220 


NMOS 


385 


28 


18 


Page 


TMM41464P-15 


150 


75 


260 


330 


1MBit 


TC5 11 000 P/ J/2-85 


1,048,576X1 


85 


25 


165 


CMOS 


385 


5.5 


18/26/20 


Fast 
Page 


TC511000P/J/Z-10 


100 


25 


190 


330 


TC511000P/J/Z-12 


120 


30 


220 


275 


TC511001P/J/Z-85 


1,048,576X1 


85 


30 


165 


CMOS 


385 


5.5 


18/26/20 


Nibble 


TC511001P/J/Z-10 


100 


35 


190 


330 


TC511O01P/J/Z-12 


120 


40 


220 


275 


TC511002P/J/Z-85 


1,048.576X1 


85 


25 


165 


CMOS 


385 


5.5 


18/26/20 


Static 
Column 


TC511002P/J/Z-10 


100 


25 


190 


330 


TC511O02P/J/Z-12 


120 


30 


220 


275 


TC514256P/J/Z-85 


262,144X4 


85 


30 


165 


CMOS 


413 


5.5 


20/26/20 


Fast 
Page 


TC514256P/J/Z-10 


100 


30 


190 


358 


TC514256P/J/2-12 


120 


35 


220 


303 


TC514258P/J/Z-85 


262,144X4 


85 


30 


165 


CMOS 


413 


5.5 


20/26/20 


Static 
Column 


TC514258P/J/Z-10 


100 


30 


190 


358 


TC514258P/J/Z-12 


120 


35 


220 


303 



NOTE PACKAGE TYPE P: PLASTIC DIP 



•NEW PRODUCT 



2. Dynamic RAM HYBRID MODULE 



Capacity 


Type Na 


Organi- 
zation 


Access Time, Max(ns) 


Cycle Time 
Mia(ns) 


Dram 
Units 


Power Dissipation, Max(mW) 


Pins 


Module 


•rac 


«CAC 


Active 


Standby 


8MBit 


•THM81000S-10 


1,048,576X8 


100 


25 


190 


TC511000J 


2,640 


44 


30 


SIMM 


♦THM81O00S-12 


120 


30 


220 


2^00 


•THM81000L-10 


1,048,576X8 


100 


25 


190 


TC511000J 


2,640 


44 


30 


SIP 


•THM81000L-12 


120 


30 


220 


2,200 


9MBit 


"THM91000S-10 


1,048,576X9 


100 


25 


190 


TC511000J 


2,970 


49.5 


30 


SIMM 


•THM91O00S-12 


120 


30 


220 


2,475 


•THM91000L-10 


1,048,576X9 


100 


25 


190 


TC511000J 


2,970 


49.5 


30 


SIP 


•THM91000L-12 


120 


30 


220 


2,475 



TOSHIBA 



3. STANDARD APPLICATION Static RAM 



Capacity 


Type No. 


Organi- 
zation 


Access Time 
Max.(ns) 


Cycle Time 
Min.(ns) 


Process 


Power Dissipation Max.(mW) 


Pins 


Package Width 
(inch) 


Active 


Standby 


16KBit 


TMM2015BP-90 


2,048X8 


90 


90 


NMOS 


275 


27.5 


24 


0.3 


TMM2015BP-10 


100 


100 


TMM2015BP-12 


120 


120 


TMM2015BP-15 


150 


150 


TMM2016BP-90 


2,048X8 


90 


90 


NMOS 


275 


27.5 


24 


0.6 


TMM2016BP-10 


100 


100 


TMM2016BP-12 


120 


120 


TMM2016BP-15 


150 


150 


TC5517CP/CF-15 


2,048X8 


150 


150 


CMOS 


27.5 


0.165 


24 


0.6(P) 
0.45(F) 


TC5517CP/CF-20 


200 


200 


TC5517CPL/CFL-15 


150 


150 


0.005 


TC5517CPL/CFL-20 


200 


200 


TC5518CP/CF-15 


2,048X8 


150 


150 


CMOS 


27.5 


0.165 


24 


TC5518CP/CF-20 


200 


200 


TC5518CPL/CFL-15 


150 


150 


0.005 


TC5518CPL/CFL-20 


200 


200 


64K Bit 


TMM2063P-10 


8,192X8 


100 


100 


NMOS 


440 


55 


28 


0.3 


TMM2063P-12 


120 


120 


TMM2063P-15 


150 


150 


TMM2064P-10 


8,192X8 


100 


100 


NMOS 


440 


55 


28 


0.6 


TMM2064P-12 


120 


120 


TMM2064P-15 


150 


150 


TC5563APL-10 


8,192X8 


100 


100 


CMOS 


27.5 


0.55 


28 


0.3 


TC5563APL-12 


120 


120 


TC5563APL-1 5 


150 


150 


TC5563APL-10L 


100 


100 


0.165 


TC5563APL-12L 


120 


120 


TC5563APL-15L 


150 


150 


TC5565APL/AFL-10 


8,192X8 


100 


100 


CMOS 


27.5 


0.55 


28 


0.6(P) 
0.45(F) 


TC5565APL/AFL-12 


120 


120 


TC5565APL/AFL-15 


150 


150 


TC5565APL/AFL-10L 


100 


100 


0.165 


TC5565APL/AFL-12L 


120 


120 


TC5565APL/AFL-1 5L 


150 


150 


*TC5564APL/AFL-12 


8,192X8 


120 


120 


CMOS 


27.5 


0.005 


28 


0.6(P) 
0.45(F) 


•TC5565APL/AFP-15 


150 


150 


256K Bit 


TC55257P-10 


32,768X8 


100 


100 


CMOS 


27.5 


5.5 


28 


0.6 


TC55257P-12 


120 


120 


TC55257PL-85 


85 


85 


0.55 


TC55257PL-10 


100 


100 


TC55257PL-12 


120 


120- 


•TC55257AP/AF-10 


32,768X8 


100 


100 


CMOS 


27.5 


5.5 


28 


0.6(P) 
0.45(F) 


•TC55257AP/AF-12 


120 


120 


*TC55257APL/AFL-10 


100 


100 


0.55 


•TC55257APL/AFL-12 


120 


120 



PSEUDO-STATIC RAM 


















256K Bit 


TC51832P-85 


32,768X8 


85 


135 


CMOS 


303 


5.5 


28 


.6 


TC51832P-10 


100 


160 


248 


TC51832P-12 


120 


130 


220 



NOTE PACKAGE TYPE P: PLASTIC DIP F: FLAT PACKAGE (SOP) 



♦NEW PRODUCT 



TOSHIBA 



4. HIGH SPEED Static RAM 



Capacity 


Type No. 


Organi- 
zation 


Access Time 
Max.(ns) 


Cycle Time 
Min.(ns) 


Process 


Power Dissipation Max.(mW) 


Pins 


Package Width 
(inch) 


Active 


Standby 


16KBit 


•TMM2018AD/AP-25 


2,048X8 


25 


25 


NMOS 


660 


110 


24 


0.3 


•TMM2018AD/AP-35 


35 


35 


550 


•TMM2018AD/AP-45 


45 


45 


440 


"TMM2068AD/AP-25 


4,096X4 


25 


25 


NMOS 


660 


110 


20 


0.3 


•TMM2068AD/AP-35 


35 


35 


550 


•TMM2068AD/AP-45 


45 


45 


440 


•TMM2078AD-25 


4,096X4 


25 


25 


NMOS 


660 


110 


22 


0.3 


•TMM2078AD-35 


35 


35 


550 


•TMM2078AD-45 


45 


45 


440 


64K Bit 


•TMM2088P-35 


8,192X8 


35 


35 


NMOS 


660 


55 


28 


0.3 


•TMM2088P-45 


45 


45 


•TMM2088P-55 


55 


55 


72KBit 


•TMM2089C-35 


8,192X9 


35 


35 


NMOS 


660 


55 


28 


0.3 


•TMM2089C-45 


45 


45 


•TMM2089C-55 


55 


55 


64K Bit 


TC5561P-55 


65,536X1 


55 


55 


CMOS 


550 


0.55 


22 


0.3 


TC5561P-70 


70 


70 


TC5562P-45 


65,536X1 


45 


45 


CMOS 


550 


11 


22 


TC5562P-55 


55 


55 


•TC55416P-35 


16,384X4 


35 


35 


CMOS 


440 


55 


22 


0.3 


•TC55416P-45 


45 


45 


330 


*TC55417P-35 


16,384X4 


35 


35 


CMOS 


440 


55 


24 


0.3 


•TC55417P-45 


45 


45 


330 



NOTE: PACKAGE MATERIAL 



C: CERAMIC DIP P: PLASTIC DIP 



•NEW PRODUCT 



TOSHIBA 



5. EPROM 



Capacity 


Type Na 


Organi- 

-zation 

& Process 


Access Time 
Max(ns) 


Cycle Time 
Min.(ns) 


Power Supply 
(V) 


Temperature 
Range CO 


Power Dissipation Max(mW) 


Pins 


Programming 
Algorithm 


Active 


Standby 


64KBit 


TMM2764AD-15 


8,192X8 
NMOS 


150 


150 


5V±5% 


0-70 


525 


158 


28 


I or II 


TMM2764AD-20 


200 


200 


TMM2764ADI-15 


150 


150 


-40~85 


630 


184 


TMM2764ADI-20 


200 


200 


TMM2764AD-150 


150 


150 


5V±10% 


0-70 


660 


193 


TMM2764AD-200 


200 


200 


128 KBit 


TMM27128AD-15 


16,384X8 
NMOS 


150 


150 


5V±5% 


0-70 


525 


158 


28 


lor II 


TMM27128AD-20 


200 


200 


TMM27128ADI-15 


150 


150 


-40-85 


630 


184 


TMM27128ADI-20 


200 


200 


TMM27128AD-150 


150 


150 


5V±10% 


0-70 


660 


193 


TMM27128AD-200 


200 


200 


256K Bit 


TMM27256AD-15 


32,768X8 
NMOS 


150 


150 


5V±5% 


0-70 


525 


158 


28 


I or II 


TMM27256AD-20 


200 


200 


TMM27256ADI-15 


150 


150 


-40-85 


630 


184 


TMM27256ADI-20 


200 


200 


TMM27256AD-150 


150 


150 


5V±10% 


0-70 


660 


193 


TMM27256AD-200 


200 


200 


TC57256D-20 


32,768X8 
CMOS 


200 


200 


5V±5% 


21.0 


158 


0.525 


28 


I or II 


TC57256D-25 


250 


250 


•TC57256AD-15 


150 


150 


5V±5% 


12.5 


*TC57256AD-20 


200 


200 


512KBit 


TMM27512D-20 


65,536X8 
NMOS 


200 


200 


5V±5% 


0-70 


630 


184 


28 


I or II 


TMM27512D-25 


250 


250 


TMM27512DI-20 


200 


200 


-40-85 


683 


210 


TMM27512DI-25 


250 


250 


TMM27512D-200 


200 


200 


5V±10% 


0-70 


715 


220 


TMM27512D-250 


250 


250 


1MBit 


*TC571000D-15 


131,072X8 
CMOS 


150 


150 


5V±5% 


-40-85 


158 


0.525 


32 


II 


*TC571000D-20 


200 


200 


•TC571001D-15 


150 


150 


♦TC571001D-20 


200 


200 



NOTE PACKAGE MATERIAL D: CERDIP 



•NEW PRODUCT 



6. ONE TIME PROM 



TOSHIBA 



Capacity 


Type No. 


Organi- 

-zation 

& Process 


Access Time 
Max(ns) 


Cycle Time 
Mia(ns) 


Power Supply 
(V) 


Temperature 
Range (*C) 


Power Dissipation Max(mW) 


Pins 


Programming 
Algorithm 


Active 


Standby 


64KBit 


TMM2464AP/AF 


8,192X8 
■NMOS 


200 


200 


5V+5% 


-40~85*C 


525 


158 


28 


lord 


128KBit 


TMM24128AP/AF 


16,384X8 
NMOS 


200 


200 


5V+5% 


-40~85*C 


525 


158 


28 


I or II 


256K Bit 


TMM24256AP/AF 


32,768X8 
NMOS 


200 


200 


5V+5% 


-40~85'C 


525 


158 


28 


I or II 


•TC54256AP/AF 


32,768X8 
CMOS 


200 


200 


5V±5% 


158 


0.525 


28 


lor II 


512KBit 


TMM24512P/F 


65,536X8 
NMOS 


250 


250 


5V±5% 


-40~85*C 


630 


184 


28 


I or II 



NOTE PACKAGE TYPE P: PLASTIC DIP F: FLAT PACKAGE (SOP) 



•NEW PRODUCT 



7. Mask ROM 



Capacity 


Type No. 


Organi- 
zation 


Access Time 
Max(ns) 


Cycle Time 
Mlrt(ns) 


Process 


Power Dissipation Max(mW) 


Pin* 


Active 


Standby 


256K Bit 


TC53257P/F 


32,768X8 


200 


200 


CMOS 


138 


0.11 


28 


1MBit 


TC531000AP/AF 


131,072X8 


200 


200 


CMOS 


138 


0.11 


28 


2MBit 


TC532000P 


262,144X8 


200 


200 


CMOS 


220 


0.11 


32 


4MBit 


•TC534000P 


524,288X8 


250 


250 


CMOS 


220 


0.11 


32 



NOTE: PACKAGE TYPE P. PLASTIC DIP F: FLAT PACKAGE 



•NEW PRODUCT 



TOSHIBA 



1. 256K Bit Dynamic RAM 



Organization 


256KX1 (page mode) 


256KX1 (nibble mode) 


64KX4 (page mode) 


TOSHIBA 


TMM41256AP/AT/AZ 


TMM41257AP/AT/AZ 


TMM41464AP/AT/AZ 


Fujitsu 


MB81256 


MB81257 


MB81464 


Hitachi 


HM50256 


HM50257 


HM50464 


Mitsubishi 


M5M4256 


M5M4257 


M5M4464 


NEC 


HPD41256 


M PD41257 


/iPD41464 


Oki 


MSM41256 


MSM41257 


MSM41464 


Tl 


TMS4256 


TMS4257 


TMS4464 



2. 1MX1 Dynamic RAM 



Organization 


1MBX1 (Fast 


page mode) 


1 MBX1 (Nibble mode) 


1MBX1 (Static 


column mode) 


SUPPLIER 


PART* | 


PROCESS 


PART# | 


PROCESS 


PART* 


PROCESS 


TOSHIBA 


TC511000 


CMOS 


TC511001 


CMOS 


TC511002 


CMOS 


FUJITSU 


MB81C1000 


CMOS 


MB81C1001 


CMOS 


MB81C1002 


CMOS 


HITACHI 


HM511000 


CMOS 


HM511001 


CMOS 


HM511002 


CMOS 


MITSUBISHI 


M5M4C1000 


CMOS 


M5M4C1001 


CMOS 


M5M4C1002 


CMOS 


NEC 


/iPD421000 


CMOS 


jiPD421001 


CMOS 


/iPD421002 


CMOS 


Tl 


TMS4C1024 


CMOS 


TMS4C1025 


CMOS 


TMS4C1027 


CMOS 


AT&T 


M411024PP 


CMOS 


- 


M411024PK 


CMOS 


NMB 


AAA1M101 


CMOS 


AAA1M102 


CMOS 


AAA1M100 


CMOS 


SAMSUNG 


KM41C1000 


CMOS 


KM41C1001 


CMOS 


KM41C1002 


CMOS 



3. 256KX4 Dynamic RAM 



Organization 


256KX4 (Fast page mode) 


256KX4 (Static column mode) 


SUPPLIER 


PART* | 


PROCESS 


PART* | 


PROCESS 


TOSHIBA 


TC514256 


CMOS 


TC514258 


CMOS 


FUJITSU 


MB81C4256 


CMOS 


- 


HITACHI 


HM514256 


CMOS 


HM514258 


CMOS 


MITSUBISHI 


M5M44C256 


CMOS 


M5M44C258 


CMOS 


NEC 


fiPD424256 


CMOS 


HPD424258 


CMOS 


Tl 


TMS44C256 


CMOS 


TMS44C257 


CMOS 


SHARP 


LH64257 


CMOS 


LH64256 


CMOS 



4. DRAM HYBRID MODULE 



ORGANIZATION 


1MX8 


1MX9 


TOSHIBA 


THM81000S/L 


THM91000S/L 


HITACHI 


HB56A18 


HB56A19 


MITSUBISHI 




MH1 M09J 



5. 16KBit Static RAM 
1) NMOS 



2) CMOS 



Organization 


2KX8 


TOSHIBA 


TC5517CP/CF 


TC5518CP/CF 


Fujitsu 


MB8416 


MB8417/8418 


Hitachi 


HM6116 


HM6117 


NEC 


MPD446 


MPD449 


Oki 


MSM5128 


MSM5129 


Mitsubishi 


M5M5117 


M5M51 16/51 18 


Sharp 


LH5117 


LH5118 



6. 64K/72K Bit Static RAM 



TOSHIBA 



Organization 


2KX8 | 4KX4 


Package Width 


0.6 inch 


0.3 inch 


TOSHIBA 


TMM2016BP 


TMM2015BP 


TMM2018AD/AP 


TMM2068AD/AP 


Fujitsu 


MB8128 






MB8168 


Hitachi 


HM6116 


HM6116AS 




HM6168 


Inmos 








IMS1420/1421 


Mitsubishi 


M58725 






M5M2168 


Motorola 


MCM6116 




MCM2016H/18 


MCM6168 


NEC 


MPD4016 


/xPD4016CX 






Oki 


MSM2128 








AMD 




AM9128 


AM9128 


AM2168 



Organization 




8KX8 




| 8KX9 


64KX1 


NMOS/CMOS 


NMOS 




CMOS 




NMOS 


CMOS 


Package Width 


0.3 inch 


0.6 inch 


0.3 inch 


0.3 inch 


TOSHIBA 


TMM2063P 


TMM2064P 


TC5564AP/AF 


TC5565AP17AFL 


TC5563AP 


TMM2088P 


TMM2089C 


TC5562P 


Fujitsu 




MB8464 




MB8464 




MB81C78 


MB81C79 


HB81C71A 


Hitachi 


HM6264AS 


HM6264 




HM6264 


HM6264ASP 






HM6287 


Mitsubishi 






M5M5164 


M5M5165 




M5M5178 


M5M5179 


M5M5187 


NEC 






/iPD4464 


M PD4364 








M PD4361 


Oki 




MSM5165 


MSM5164 


MSM5165 










Inmos 
















IMS1 600/1 


Motorola 












MCM6164 




MCM6287 


IDT 








IDT7164 








IDT7187 



7. 256K Bit Static RAM/Pseudo Static RAM 



Organization 


32KX8 


TYPE 


SRAM 


PSRAM 


NMOS/CMOS 


CMOS 


CMOS 


Package Width 


0.6 inch 


0.6 inch 


TOSHIBA 


TC55257 


TC51832P/PL 


Fujitsu 


HB84256 




Hitachi 


HM62256 


HM65256 


Mitsubishi 


M5M5256 




NEC 


MPD43256 


juPD42832 


Sony 


CXK58256 




SMOS 


SRM20256 




Sharp 


LH52256 


LH62258 



TOSHIBA 



8. 64K/128KBitNMOSEPROM/OTP 



Organization 


BKX8 


16KX8 


EPROM/OTP 


EPROM 


OTP 


EPROM 


OTP 


Pins 


28 


28 


28 


28 


TOSHIBA 


TMM2764AD 


TMM2464AP/AF 


TMM27128AD 


TMM24128AP/AF 


AMD 


Am2764A 




Am27128A 




Fujitsu 


MBM2764 




MBM27128A 




Hitachi 


HN482764 


HN482764 


HM4827128G 


HN4827128 


Intel 


i2764A 


P2764A 


i27128A 


P27128A 


Mitsubishi 


M5L2764K 


M5M2764P 


M5L27128K 


M5M27128P 


Mostek 










Motorola 


- 








NEC 


fiPD2764 


/iPD2764C 


HPD27128 


HPD27128C 


Oki 


MSM2764 




MSM27218 




Tl 


TMS2764 









9. 256K/512K/1 MBIT EPROM/OTP 



Organization 


32KX8 


64KX8 


128KX8 


EPROM/OTP 


EPROM 


OTP 


EPROM | OTP 


EPROM 




NMOS 


CMOS 


NMOS 


CMOS 


NMOS 


CMOS 


TOSHIBA 


TMM27256AD 


TC57256D 
TC57256AD 


TMM24256AP/AF 


TC54256AP/AF 


TMM27512D 


TMM24512P/F 


TC571000D 


TC571001D 


AMD 


Am27256 


AM27C256 






Am27512 








Fujitsu 


MBM27256 


MBM27C256 






- 


- 


MBM27C1000 


MBM27C1001 


Hitachi 


HN27256G 


HN27C256G 


HN4827256P 




HN27512G 




HN27C101 


HN27C301 


Intel 


127256 


J27C256 


P27256A 


P27C256 


127512 


P27512 


27010 


- 


Mitsubishi 


M5L27256K 


M5M27C256 


M5M27256P 


M5M27C256P 


M5L27512 




M5M27C100 


M5M27C101 


NEC 


juPD27256 


HPD27C256A 


jiPD27256C 


M PD27256C 




- 


/iPD27C100 


/iPD27C101 


Oki 


MSM27256 


MSM27C256 






MSM27512 




MSM271000 




NSC 


- 


NMC27C256 


- 




NMC27C512 




NMC27C1023 




Tl 


- 


TMS27C256 






TMS27C512 









10. 256K/1MBIT/2MBIT/4MBITMROM 



Organization 


32KX8 


128KX8 


256KX8 


512KX8 




CMOS 


CMOS 






TOSHIBA 


TC53257P/F 


TC531000AP/AF 


TC532000P 


TC534000P 


Tl 


TMS47C256 


TMS47C1024 






Fujitsu 


MB83256 


MB831124 


MB832000 




Hitachi 


HN613256P 


HN62301 


HN62302 




Motorola 


MCM65256A 








Mitsubishi 


- 


M5M23C100 


- 


M5M23C400 


NEC 


M PD23C256 


^PD23C1000 


^PD23C2000 




Oki 


MSM53256 


MSM531000 






RCA 


CDM53256 









TOSHIBA 



MEMORY SELECTION GUIDE (1) — ACCESS TIME VS. CAPACITY. 



"Preliminary 











TC57256-25 


TMM27512-25 
TMM27512-250 
TMM24512 


TC571000/1-25 




TC534000 


TC5517C-20 
TC5518C-20 


TMM2764A-20 
TMM2764A-200 
TMM2464A 




TMM27128A-20 
TM27128A-200 
TMM24I28A 


TC57256A-20 

TMM27256A-20 

TMM27256A-200 

TC57256-20 

TMM24256A 

TC54256A 

TC53257 


TMM27512-20 
TMM27512-200 


TC571 000/1-20 


IC532000 




TMM2015B-12/15 
TMM2016B-12/15 
TCS517C-15 
TCSS18C-1S 


TMM2063-12/15 

TMM20S4-12/15 

TC5563A-12/15 

TC5564A-12/15 

TC5565A-12/15 

TMM2764A-15 

TMM2764A-150 




TMM27128A-15 
TMM27128A-150 


TMM41256-12/1S 

TMM4I257-12/15 

TMM41464-12/15 

TMM41256A-12/I5 

TMM41257A-12/15 

TC55257-12 

TC55257A-12 

TC51832-12 

TMM27256A-15 

TMM27256A-150 




TC511000-12 
TC511001-12 
TC511002-12 
TC514256-12 
TC514258-12 
TC531000A 






TMM2015B-90/10 
TMM2016B-90/10 


TMM2063-10 
TMM2064-10 
TMM2064-70 
TC5563A-10 
TC5565A-10 
TC556 1-55/70 






TMM41256A-10 
TMM41257A-10 
TC55257-85/10 
TC55257A-85/10 
TC51 832-85/10 




TC511000-85/10 
TC511001-85/10 
TC511002-85/10 
TC514256-85/10 
TC514258-85/10 






TMM2018A-25/35/45 
TMM2068A-25/35/45 
TMM2078A-25/35/45 


TMM2088-35/45/55 
TC5562-45/55 
TC5 5416-35/45/55 
TC55417-35/45/55 


TMM2089-35/45/55 















TOSHIBA 



MEMORY SELECTION GUIDE (2) - TYPE OF MEMORY VS. CAPACITY 



"Preliminary 



Memory 


Type 


Memory Capacity 


16KBit 


64 K Bit 


72K Bit 


128K Bit 


256K Bit 


512K Bit 


1M Bit 


2MBit 


4M Bit 


RAM 


NMOS Dynamic RAM 










TMM41256P/T 

TMM41257P/T 

TMM41464P 

TMM41256AP/AT/AZ 

TMM41257AP/AT/AZ 










CMOS Dynamic RAM 














TC511000P/J/Z 
TC511001PAVZ 
TC51 100ZP/J/Z 

TC514256P/JE 
TC514258PAVZ 






NMOS Slate RAM 


TMM2015BP 

TMM2016BP 

TMM2018AD/AP 

TMM2068AD/AP 

TMM2078AD 


TMM2063P 
TMM2064P 
TMM2088P 


TMM2089C/P 














CMOS Static RAM 


TC5517CP/CF 
TC5518CP/CF 


TC5564APL/FL 

TC5563APL 

TC5565APL/AFL 

TC5561P 

TC5562P 

TC55416P 

TC55417P 






TC55257P 

TC55257AP/AF 

TC51832P/PL 










ROM 


NMOS EPROM 




TMM2764AD/ADI 




TMM27128AD/ADI 


TMM27256AD/ADI 


TMM27512D/DI 








CMOS EPROM 










TC57256D/AD 




TC57100O/ID 






CMOS Mask ROM 










TC53257P/F 




1C531000AP/AF 


TC532000P 


TC534000P 


NMOS OP 




TMM2464AP/AF 




TMM24128AP/AF 


TMM24256AP/AF 


TMM24512P/F 








CMOS OTP 










TC54256AP/AF 











10 



TOSHIBA 



MEMORY SELECTION GUIDE (3) - WORD BY BIT 



Word ^^Bit 


1 


4 


8 


9 


2K 






TMM2015BP TC5517CP/CF 
TMM2016BP TC5518CP/CF 
TMM20I3AD 
TMM2018AP 




4K 




TMM2068AD/AP 
TMM2078AD 






8K 






TMM2063P TMM2464AP/AF 

TMM2064P TMM2764A0/ADI 

TC5564APL/AFL 

TC5563APL 

TC5565APL/AFL 

TMM2088P 


TMM2089C/P 


16K 




TC55416P 
TC55417P 


TMM24128AP/AF 
TMM27128AD/ADI 




32K 






TC55257P TMM27256AD/ADI 
TC55257AP/AF TC53257P/F 
TC51832P/PL TS7256D/A0 
TC54256AP/AF 
TMM24256AP/AF 




64 K 


TC5561P 
TC55S2P 


TMM41464P 


TMM24512P/F 
TMM275120/DI 




I28K 






TC531000AP/AF 
TC571000/ID 




256K 


TMM41256P/T 
TMM41257P/T 
TMM41256AP/AT/AZ 
TMM41257AP/AT/AZ 


TC51425SP/J/Z 
TC514258P/J/Z 


TC532000P 




512K 






TC534000P 




1M 


TC511000P/J/Z 
TCM1001P/J/Z 
TCS11002P/J/Z 




THM81000S/L 


THM91000S/L 
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TOSHIBA 



MEMORY SELECTION GUIDE (4) — HIGH DENSITY PACKAGE 



PACKAGE 


PLCC 


SOJ 


ZIP 


SIP/SIMM 


S06 


PIN 


ts 


26/20 


16 


20/19 


30 


24 


28 


Dynamic 
RAM 


256K 


TMM41256T 
TMM41257T 
TMM41256AT 
TMM41257AT 




TMM4I256AZ 
TMM41257AZ 










IM 




TC511000J 
TC511001J 

TC511002J 
TC5I4256J 
TC514258J 




TC51I000Z 
TC511001Z 

TC511002Z 
TC5I4256Z 
TC514258Z 








8M/9M 










THM81000S/L 
THM91000S/L 






Sialic 
RAM 


16K 












TC5M7CF 
TC5518CF 




64 K 














TC5564AFL 
TC5565AFI 


256K 














TC55257AF 


Mask 
ROM 


256K 














TC53257F 


tM 














TC531000AF 


OTP 


64 K 














TMM2464AF 


128K 














TMM24I28AF 


256K 














TMM242S6AF 
TC54256AF 


512K 














TMM24512F 
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TOSHIBA 



St 

TCO 


MROM 


TC534000 


a a a n n n a a n n n u a n n n 
< 


St 

CM CO 


MROM 


TC532000 




< 




























n 


MROM 


TC531001 




z 










18 
















EPROM 


TC571001 


m a 












CO 

< 
















TC571000 


■> a. ^ 










18 
















MROM 


TC531000 


Jk 










CO 

< 


















OTP 


TMM24512 














n 
















EPROM 


TMM27512 


































O 2 2 tpgi-IW 2 |u i- co >p *r « 




1 32 

2 31 

3(1)^^28)30 
4(2) (27)29 
5(3) (26)28 
6(4) (25)27 
7(5) (24)26 
8(6) (23)25 
9(7) (22)24 
10(8) (21)23 
11(9) (20)22 
12(10) (19)21 
13(11) (18)20 
14(12) (17)19 
15(13) (16)18 
16(14) (15)17 


iocMr-<pio^c? S* ;r 9 o »- cm q 
< < a 




EPROM 


TMM27512 
































OTP 


TMM24512 
































St 
i-CQ 


MROM 


TC531000 
































EPROM 


TC571000 


Q. .- 
> < 






























TC571001 


1 


■ IS 






























MROM 


TC531001 


(J <° 






























St 
OJDQ 


MROM 


TC532000 




































St 
1-C0 


MROM 


TC534000 


' 


' 


' ' 


1 ' 


' ' 


' ' 


' ' 


' ' 


. ,- ,r ,, ,- ,, ,, ,< if 
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TOSHIBA 



St 
T-m 


MROM 


TC531000 


a a n a n n «, i, it n i, u J. it 
< 


St 

■•-III 


OTP 


TMM27512 














a 
















EPROM 


TMM24512 
































mm 

(M 


MROM 


TC53257 
































OTP 


TC54256/TMM24256 
































EPROM 


TC57256/TMM27256 






























CRAM 


TC55257 




i 












lo 












c5H 

CNCO 


OTP 


TMM24128A 




u 












A 












ERPOM 


TMM27128A 




? * < ro <" 




° [LU l» CO CO t CO 
< lO Q O Q Q Q 


£<5 


H.S. SRAM 


TMM2089 




IS 8 * 1 




CM „r 2 CO N CO lO 
<" p ° ° ° 5 5 




CRAM 


TC5564/65 




I S " " 




<t |u7 n 11 it n 11 


SRAM 


TMM2063/64/88 




Is S 










ICO 

lo 












OTP 


TMM2464A 




" t 










It 












EPROM 


TMM2764A 


U 5 o 




< 


















£5 


CRAM 


TC5517 


,1 




" IS 


IUJ 

lo 












TC5516/18 








§ IS 


IUJ 

lo 












H.S. SRAM 


TMM2018 








t t 


t 












SRAM 


TMM2015/16 








£ IS 


18 












O CO »- O CM 

uco o> co co *- co n <P .!£>;? c? 

><<U O < OQ C1Q DD 


1 28 

2 27 

3(1 )V— ^24)26 
4(2) (23)25 

5(3) (22)24 
6(4) (21)23 
7(5) (20)22 
8(6) (19)21 
9(7) (18)20 
10(8) (17)19 
11(9) (16)18 
12(10) (15)17 
13(11) (14)16 
14(12) (13)15 


r^co 10 ^ co cm *-o Ot-cmO 
<<<<<<<<QDQ z 

(3 


$°m 


SRAM 


TMM2015/16 




























H.S. SRAM 


TMM2018 




























CRAM 


TC5516/18 




























TC5517 




























*l- 


EPROM 


TMM2764A 


0. CM 
Q_ *- 
> < 


























OTP 


TMM2464A 


' 


' 




























SRAM 


TMM2063/64/88 


o 

z 




























CRAM 


TC5564/65 


' 


' 1 




























S5 


H.S. SRAM 


TMM2089C 


cpjN-co in 9- co cm "-poo o o 




St 

CMGQ 


EPROM 


TMM27128A 


o. £! i>- co 105- co c\i >~ r- « 
><< < <<< << < O O Q 




OTP 


TMM24128A 


' 


f 




























St 

mm 

CM 


CRAM 


TC55257 


< 




























EPROM 


TC57256/TMM27256 


Q. 




























OTP 


TC54256/TMM24256 


' 


r 




























MROM 


TC53257 


O 

Z 




























St 

5 m 


EPROM 


TMM27512 


10 




























OTP 


TMM24512 
































5t 
i-m 


MROM 


TC531000 
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TOSHIBA MOS MEMORY PRODUCT 



262,144 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM41256P/T-12 
TMM41256P/T-15 



DESCRIPTION 

The TMM41256P/T is the new generation dynamic 
RAM organized 262,144 words by 1 bit, it is successor 
to the industry standard TMM41 64AP. 
The TMM41256P/T utilizes TOSHIBA'S N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM- 



41256P/T to be packaged in a standard 16 pin plastic 
DIP and 18 pin plastic leaded chip carrier. The 
package size provides high system tut densities and is 
compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V ±10% tolerance, direct interfacing 
capability with high performance logic families such 
as Schottky TTL. 



FEATURES 

1 262,144 words by 1 bit organization 
1 Fast access time and cycle time 



DEVICE 


tRAC 


*CAC 


*RC 


TMM41256P/M2 


120 ns 


60 ns 


220 ns 


TMM41250PT-15 


150 ns J 75 ns 


260 ns 



• Single power supply of 5V ±10% with a built-in 
Vbb generator 

• Low Power: 

330mW Operating (MAX.) (TMM41 256P/T-1 2) 
275mW Operating (MAX.) (TMM41 256P/T-1 5) 
28mW Stand by (MAX.) 
PIN CONNECTION (TOP VIEW) 

• Plastic LCC • Plastic DIP 



CAS [ 17 

V ss [18 

A8I1 

D,«[2 



3 4 5 6 

uuuuu 

P ffl n o n 
2 S 2 < < 



11] AS 
10]A7 
9 3V C c 
8 ] Al 



A8[ 1 

D,„ [ 2 
WRITE [ 3 
RAS[ 4 
A0[ 5 
A2[ 6 
Al [ 7 
VccC 8 



16 ] V ss 

15 ]CAS 
14 ]Doui 
13 ]A6 
12 ]A3 
11 ]A4 
10 ]AS 
9 ]A7 



PIN NAMES 



A ~A 8 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


D OUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


v S s 


Ground 



• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, RAS-only refresh, Hidden 
refresh, and Page Mode capability. 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 

• Package 

Plastic DIP : TMM41256P 

Plastic Leaded Chip Carrier : TMM41256T 



BLOCK DIAGRAM 



WRITE O- 



A 
Al 
A 2 
A 3 
A 4 
A S 
A 6 
A 7 
A 8 



o 



ROW 

ADDRESS 

BUFFERS (9) 



NO. 1 CLOCK 
GENERATOR 



NO. 2 CLOCK 
GENERATOR 



COLUMN 

ADDRESS 

BUFFERS (9) 



DATA IN 
BUFFER 



■« O Vcc 

"* 0V SS 

O Di 



'IN 



DATA OUT 
BUFFER 



-° D OUT 



» DECODER 



5IM 
Q 
Oo 

<r u 



SENSE AMP 
I/O GATING 
~l 



MEMORY 
ARRAY 
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I IVIIVI41ZOOK/ I "lid 

TMM41256P/T-15 



ABSOLUTE MAXIMUM MATIGS 



ITEM 


SYMBOL 


RATING 


UNITS • 


NOTES 


Input and Output Voltage 


V|N . VouT 


-1-7 


V 


1 ~1 


Power Supply Voltage 


v C c 


-1-7 

0-70 
^ --------- 

260 • 1 
600 
50 


V 
" "~°c" 

■~ '~ v c"""vr~ 

°C ■ sec 
mW 
mA 


1 


Operating Temperature 


T OPR 


Storage Temperature 


TSTG 

T SOLDER 


1 


Soldering Temperature • Time 


1 


Power Dissipation 


Pd j 
'out 


1 

1 


Short Circuit Output Current 



RECOMMENDED DC OPERATING CONDITDONS (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN. 

4.5 

~~2~A 

-1.0 


TYP 


MAX. 


UNITS 
V 
V 
V 


NOTES [H 


v C c 


Supply Voltage 


5.0 


5.5 
6.5 
6! 8 


2 


V| H 


Input High Voltage 


2 ' 


V|L 


Input Low Voltage 


._ L J 



DC ELECTRICAL CHARACTERISTICS (V C c = 5V ± 10%, Ta = ~ 70°C) 



SYMBOL 


PARAMETER 




MIN. 


MAX. 

60 
50 

5 

45 


UNITS 
mA 

mA 

mA 

mA 


NOTES 
3,4 

3 
3,4 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling: t RC " = t RC MIN.) 


IMM41256P 1-12 


TMM41256P Mb 


- 


'CC2 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS = CAS = V| H ) 




'CC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling, CAS = V, H : t RC = t RC MIN.) 


TMM41256P T- 1 2 
TMM41256P 7-15 


40 


>CC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V| L , CAS Cycling : t PC = t PC MIN.) 


TMM41256P T-12 


-10 

-10 
2.4 


45 
40 

10 
10 

0.4 


TMM41256P M5 


'l(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV ^ V|n ^ 6. 

All Other Pins Not Under Test = OV) 


5V, 


MA 

PA 
V 


■ 


'O(L) 


OUTPUT LEAKAGE CURRENT 
(Do UT is disabled, OV ^ V 0U t ^ +5.5V) 

" outpuTlevel 

Output "H" Level Voltage douT = —5mA) 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 


V H 

Vol 


- 


V 
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TMM41256P/T-12 
TMM41256P/T-15 



ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 









(Vcc: = 


5V±10°^ 


, Ta--0-70C) (Notes 5. 6, 7) 


SYMBOL 

tHC 

tnwc: 

t»MW 


PARAMETER 


TMM41 
MIN. 
220 ~ 


256P'T-12 
MAX. 


TMM41256P T-15 


UNITS 

ns 
ns 


j 
NOTES i 


MIN. 


MAX. 


Random Read or Write Cycle Time 


260 


- 


! 


Read-Write Cycle Time 


240 


- 


285 


- 


. . . . j 


Read-Modify-Wnte Cycle Time 


260 


- 


310 


- 


ns 


~~87icT~ 


tpc 

tPRWC 
tPRMW 
tHAC 


Page Mode Cycle Time 


120 


- 


145 


- 


ns 
ns 


Page Mode Read-Write Cycle Time 


140 


— 


170 


- 


Page Mode Read-Modify-Wnte Cycle Time 


160 


- 


195 


- 


ns 


Access Time from RAS 


- 


120 


- 


150 


ns 


tCAC 


Access Time from CAS 


- 


60 


- 


75 


ns 


9,10 


ton 


Output Buffer Turn-Off Delay 





35 





40 


ns 


11 


tr 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


6 


tRP 


RAS Precharge Time 


90 


- 


100 


- 


ns 




tRAS 


RAS Pulse Width 


120 


10.000 


150 


10,000 


ns 




tRSH 


RAS Hold Time 


60 


- 


75 


- 


ns 




tCSH 


CAS Hold Time 


120 


- 


150 


- 


ns 





tCAS 


CAS Pulse Width 


60 


10.000 


75 


10,000 


ns 


tRCD 


RAS to CAS Delay Time 


25 


60 


25 


75 


ns 


13 


tCRP 


CAS" to RAS Precharge Time 


10 


- 


10 


- 


ns 




tCPN 


CAS Precharge Time 


25 


- 


25 


- 


ns 




tCP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


50 


- 


60 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 


ns 




tCAH 


Column Address Hold Time 


25 


- 


30 


- 


ns 




tAR 


Column Address Hold Time 
Reference to RAS 


95 


- 


120 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 


ns 




tRCH 


Read Command Hold Time 
Reference to CAS 





- 





- 


ns 


12 


tRRH 


Read Command Hold Time 
Reference to RAS 


15 


- 


20 


- 


ns 


12 


tWCH 


Write Command Hold Time 


35 


- 


45 


- 


ns 




tWCR 


Write Command Hold Time 
Reference to RAS 


95 


- 


120 


- 


ns 




tWP 


Write Command Pulse Width 


35 


- 


45 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


35 


- 


45 


- 


ns 




tCWL 


Write Command to CAS Lead Time 


35 


- 


45 


- 


ns 




tos 


Data-in Set-Up Time 





- 





- 


ns 


14 


tDH 


Data-in Hold Time 


35 


- 


45 


- 


ns 


14 


tDHR 


Data-in Hold Time 
Reference to RAS 


95 


- 


120 


- 


ns 




tRFF 


Refresh Period 


- 


4 


- 


4 


ms 




twcs 


Write Command Set-Up Time 


-10 


- 


-10 


- 


ns 


15 


tCWD 


CAS to WRITE Delay 


40 


- 


50 


- 


ns 


15 


tRWD 


RAS to WRITE Delay 


100 


- 


125 


' - 


ns 


15 
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CAPACITANCE 

(V C c = 5V ±10%, f = 1MHz, Ta = ~ 70°C) 

f SYMBOL j PARAMETER 

C|i ; Input Capacitance (A ~ A 8 , D|fj) 

j C|2 



MIN. 



Co 



J 



Input Capacitance (RAS, CAS, WRITE) 
Output Capacitance (Dqut) 



MAX. 


! 


UNITS 


5 
7 


.....4.. 
1 


pF__ 

pF 


7 


1 
i 


pF 



NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 - 'CC1 . 'CC3. >CC4 depend on cycle rate. 

4- 'cci . 'CC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200|/s is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume Xj = 5 ns. 

7. V|h (min.) and Vn (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be- 
tween V|h and V|l. 

8 Assumes that tRCD ts tRCD (max.). If tRCD is greater than the maximum recommended value shown in this table, tRAC w '" 

increase by the amount that tRCD exceeds the value shown. 
9. Assumes that tRCD ^ tRCD (max.) 

10. Measured with a load equivalent to 2 TTL loads and 100pF. 

1 1 • trjFF ' max ' defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Either tRCH or tRRH must De satisfied for a read cycle. 

13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified as a reference point 
only: If tRCD is greater than the specified tRCD (max.) limit, then access time is controlled exclusively by tcAC. 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read- 
modify-write cycles. 

15. twcs. tcwD ar, d tRWD are n °t restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only. If twcs = l WCS (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; If tcwD = *cwd (min.) and tRWD = *rwd (min.), the cycle is a read-write cycle or read-modify- 
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

TIMING WAVEFORMS 

• READ CYCLE 



'QE 



'RAH *ASC 



ADDRESSES 




fj~^~\. 



hJWMMMK 
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• WRITE CYCLE (EARLY WRITE) 



"V 



ADDRESSES 



Ol 



/ \ 



;/ 



:: Ma3 pl//////////M ( 



["'w< 



/////////////////////////, 



- ::- j/////////////K^^w////////////////////, 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 



<CRP I 

cas v 'h— y 

VlL— _/ 



AODRESSES 



\\ 



,^\- 



y 



. 'CPN I 

7^X 



:z 7^^m~^sr w///////////////////////M 



VlH— 7 



EN ( 



■s. 



VALID DATA 



> 



- r i w//////////////////////////K ^ m///////////// 



• "RAS- ONLY" REFRESH CYCLE 



ADDRESSES 



::: w///// 



\ 



Ik 



\ 



ROW ADDRESS 



Not»: CAS - V| H . WRITE - Don't tin, Aj - Don'l 
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• HIDDEN REFRESH CYCLE 



MEMORY CYCLE 



^ 



ADDRESSES 




• PAGE MODE READ CYCLE 



<CRP 

V|H— "p 

V|L-_/ 



ADDRESSES 



°OUT V ° H ' 
VOL- 




- ZZ7//////F 



• PAGE MODE WRITE CYCLE 




tCWL tCWL I i tcWL 

tWCR »■ 1 I" ■) f " J tRWL 

"• f^S .-. ? , tns, ,„ u 'OS*- V7ZT-. « 



■z mtF^mtMymffpF^ wffffffP'- 



Don', 
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• PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 




E3 Don I , 
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APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 
262,144 cell locations within the TMM41256P/T are 
multiplexed onto the 9 address inputs and latched 
into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled 
by different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of a 
delayed sig nal d erived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address 
Hold Time specification (tRAH) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 
DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS wh ile R AS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (Din) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Din is strobed by CAS and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desire d that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re- 
ference^ to the negative edge of WRITE rather 
tha n CAS. (To illustrate this feature, Din is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"early write" cycle diagram shows Din referenced 
to CAS). 

Data is retrieved from the memory in a read 



cycle by maintaining WRITE in the inactive or high 
state throughout the portion of the memory cycle 
in which CAS is active (low). Data read from the 
selected cell will be available at the output within 
the specified access time. 
DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) 
of the TMM41256P/T is the high impe dance (open 
circuit) state. This is to say, anytime CAS is at a 
high level, the Dout P' n will be floating. The only 
time the output will turn on and contain either a 
logic or logic 1 is at access time during a read cycle. 
Dout will remain valid from access time until CAS 
is taken back to the inactive (high level) condition. 
PAGE MODE 

The "Page-Mode" feature of the TMM41 256P/T 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobing the row address into the chip and 
maintaining the RAS signal at a logic throughout 
all successive memory cycles in which the row address 
is common. This "Page Mode" of operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 
REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 256 
row address (Ao ~ A7) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operation, this funciton is 
most easily accomplished with "RAS - only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 

HIDDEN REFRESH 

An optional feature of the TMM41256P/T is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vil and taking RAS high and after 
a spe cified precharge period (tRp), executing a 
"RAS - only" refresh cycle, but with CAS held low 
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OUTLINE DRAWINGS 



TMM41 256P/T-1 2 
TMM41256P/T-15 



• Plastic DIP 



16 15 14 13 12 11 10 9 

mi — ii — ii — ii — ii — ii — in 



uuuuuuuu 

12 3 4 5 6 7 8 



Unit in mm 




it i \\ 



•0.1 
0.05 




Note : Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with 
respect to No. 1 and No. 16 leads. All dimensions are in millimeters. 



• Plastic LCC 



17 
18p 



aL" 



16 15 14 13 12 

-i-i n m n n 



-& 



_l_l U LU U U 



7 3 4 5 6 7 

/ INDEX CORNER 



Unit in mm 



n 
Dio 



]9 





Note : Each lead pitch is 1 .27mm. 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without noitce, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



TNIM41256AP/AT/AM0, TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 



DESCRIPTION 



The TMM41256AP/AT/AZ is the N-channel dynamic RAM organized 262,144 words by 1 bit. 
Multiplexed address inputs permit the TMM41256AP/AT/AZ to be packaged in a standard 16 
pin plastic DIP, 18 pin PLCC and 16 pin ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equip- 
ment. The double layered MOS technology with polycide and poly Si permits the TMM41256AP/ 
AT/AZ high speed operation. Also, the advanced circuit techniques have - realized low power 
dissipation. System oriented features include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance logic families such, as schottky TTL. 
In addition to the RAS only refresh mode, a CAS before RAS automatic refresh is available. 
Another special feature of TMM41256AP/AT/AZ is page mode, allowing the user to access at 
a high data rate. 

FEATURES 



262,144 words by 1 bit organization 
Fast access time and cycle time 





TMM41256AP/AT/AZ-10/-12/-15 


RAS Access Time 


100ns/120ns/150ns 


CAS Access Time 


50ns/ 60ns/ 75ns 


Cycle Time 


190ns/220ns/260ns 



Single power supply of 5V±10% with a built- 
in Vbb generator 
Low Power: 
44-Oml? MAX. Operating (TMM41256AP/AT/AZ-10) 
385mW MAX. Operating (TMM41256AP/AT/AZ-12) 
330nW MAX. Operating (TMM41256AP/AT/AZ-15) 
28mlJ MAX. Standby 



Output unlatched at cycle end allows 
two-dimensional chip selection 
Common I/O capability using "EARLY 

WRITE" operation 

Kead-Mod ify-W rite, CAS before RAS 
refresh, RAS-only refresh, Hidden 
refresh, and Page Mode capability 
All inputs and output TTL compatible 
256 refresh cycles/4ms 
Package 
Plastic DIP : TMM41256AP 

Plastic Leaded Chip Carrier: TMM41256AT 
Plastic ZIP : TMM41256AZ 



PIN CONNECTION (TOP VIEW) 



SLOCK DIAGRAM 



Plastic LCC 



Plastic ZIP 



cas U7 MBlU3ia nJA 



AB II 






A8 ]T) 



10 3A7 

'Rvcc 

'Al 



WHITE Zj 



PIN NAMES 



Al U] 
A7 K| 
A4 15] 



IE 
IE 



A °^fe 

at Til l= 



D OUT 



"IN 
RAS 



EI 

[H A3 



Plastic DIP 



ABl 

Din 1 

white! 

HAnI 

AO[ 
A2I 
Alt 

Vcd 



A0 ^ A8 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


DOUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


vcc 


Power (+5V) 


vss 


Ground 



16 ] Vss 
IS )CAS 
14 JDqUT 
13 )A6 
12 3A3 
11 3A4 
10 3A5 



t f 



ihO 



DATA IN 
BUFFER 



No.2 CLOCK 
OENERATOR CT 



COLUMN 

ADDRESS 

BUFFERS(P) 



REFRESH 
CONTROLLER 



J OUT 



DATA OUT 
BUFFER 



r~ CC 



REFRESH 
COUNTER(B) 



K AUDHKHB 

9 ) BUFFERS (9) 



:i=t> 



COLUMN 
DECODER 



SENSE AMP 
I/O ATI NO 



Noj CLOCK 

OENERATOR 



H , O O 

1 1 V «" 

J CEI 



MEMORY 
ARRAY 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


VlN. v OUT 


-1^7 


V 


1 


Power Supply Voltage 


v C c 


-1^7 


V 


Operating Temperature 


TOPR 


0^70 


°C 


Storage Temperature 


TSTG 


-55 ^150 


°C 


Soldering Temperature • Time 


TSOLDER 


260 • 10 


°C • sec 


Power Dissipation 


PD 


600 


raW 


Short Circuit Output Current 


I OUT 


50 


mA 



RECOMMENDED 


DC OPERATING CONDITIONS 












SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


VCC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VIH 


Input High Voltage 


2.4 


- 


6.5 


V 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 



DC ELECTRICAL CHARACTERISTICS (V CC = 5V±10%, Ta=0 


W0°C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 1 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS", CAS" Cycling: t RC =t RC MIN.) 


TMil412ceA?,-'A7, 'kZ- 1 


- 


80 


mA 




TMM4iS5eA? / -- , AT/AZ-12 


- 


72 


mA 


3,- 




- 


65 1 mA 




!CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=Vih) 


- 


5 


mA 


I 


I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, 

RAS Only Refresh Mode 

(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


TMM41256AP/AT/AZ - 1 


- 


70 


mA 


3 


TMM41256AP/AT/AZ - 1 2 


- 


62 


mA 


TMM41256AP/AT/AZ - 1 5 


- 


55 


mA 


X CC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS=Vi L , CAS Cycling: tp C =t PC MIN.) 


TMM41256AP/AT/AZ - 1 


- 


60 


mA 


3,4 


TMM41256AP/AT/AZ t 1 2 


- 


55 


mA 


TMM41256AP/AT/AZ - 1 5 


- 


50 


mA 


r CC5 


CAS BEFORE RAS" REFRESH CURRENT 
Average Power SuDply Current, 
CAS Before RAS Refresh Mode 
(RAS, CAS" Cvcling, CAS Before RAS": 

crc =c rc min.) 


TMM4125€A?/AT/AZ- 1 C 


- 


70 


mA 


3 


TMM4I256A?/ A./AZ- 12 


- 


62 


mA 


TMM41256A?/ A7/AZ-15 


- 


55 


mA 


^(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V $V IN *6.5V, ALL Other Pins Not Under Test =0V) 


-10 


10 


UA 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(D 0UT is disabled, 0V £V 0UT £+5.5V) 


-10 


10 


U A 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (IoUT =-5mA) 


2.4 


- 


V 


i 
| 


V OL 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM41256AP/ 
AT/AZ-10 


TMM41256AP/ 
AT/AZ-12 


TMM41256AP/ 
AT/AZ-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Random Read or Write Cycle Time 


190 


- 


220 


- 


260 


- 


ns 




tRWC 


Read-Write Cycle Time 


200 


- 


240 


- 


265 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


220 


- 


260 


- 


310 


- 


ns 




tpc 


Page Mode Cycle Time 


100 


- 


120 


- 


145 


- 


ns 




tPRWC 


Page Mode Read-Write Cycle Time 


110 


- 


140 


- 


170 


- 


ns 




tpRMW 


Page Mode Read-Modify Write 
Cycle Time 


130 


- 


160 


- 


195 


- 


ns 




tRAC 


Access Time from RAS 


- 


100 


- 


120 


- 


150 


ns 


8,10 


tCAC 


Access Time from CAS 


- 


50 


- 


60 


- 


75 


ns 


9,10 


tOFF 


Output Buffer Turn-Off Delay 


5 


25 


5 


30 


3 


35 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


80 


- 


90 


- 


100 


- 


ns 




t RAS 


RAS Pulse Width 


100 


L0,000 


120 


10,000 


150 


10,000 


ns 




C RSH 


RAS Hold Time 


50 


- 


60 


- 


75 


- 


ns 




C CSH 


CAS Hold Time 


100 


- 


120 


- 


150 


- 


ns 




t CAS 


CAS Puis 


50 


L0,000 


60 


10,000 


75 


10,000 


ns 




C RCD 


RAS to CAS Delay Time 


25 


50 


25 


60 


25 


75 


ns 


13 


C CRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




tCPN 


CAS Precharge Time 


15 


- 


20 


- 


25 


- 


ns 




C CP 


Page Mode CAS Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




C ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




C CAH 


Column Address Hold Time 


20 


- 


25 


- 


30 


- 


ns 




C AR 


Column Address Hold Time 
Reference to RAS 


70 


- 


85 


- 


105 


- 


ns 




'RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




r RCH 


Read Command Hold Time Reference 
to CAS 





- 





- 


- 


- 


ns 




tRRH 


Read Command Hold Time Reference 
to RAS 


10 


- 


15 


- 


20 


- 


ns 




tWCH 


Write Command Hold Time 


20 


- 


25 


- 


30 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC 


OPERATING CONDITIONS (C 


ontinued) 




SYMBOL 


PARAMETER 


TMM41526AP/ 
AT/AZ-10 


TMM41526AP/ 
AT/AZ-12 


TMM41526AP/ 
AT/AZ-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t WCR 


Write Command Hold Time Reference 
to RAS 


70 


- 


85 


- 


105 


- 


ns 




twp 


Write Command Pulse Width 


20 


- 


25 


- 


30 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


25 


- 


35 


_ 


45 


- 


ns 




t CWL 


Write Command to CAS Lead Time 


25 


- 


35 


- 


45 


- 


ns 




C DS 


Data-in Set-Up Time 





- 





- 





- 


ns 


14 


tDH 


Data-in Hold Time 


20 


- 


25 


- 


30 


- 


ns 


14 


C DHR 


Data-in Hold Time Reference 
to RAS 


70 


- 


85 


- 


105 


- 


ns 




tREF 


Refresh Period 


- 


4 


- 


4 


- 


4 


ms 




t wcs 


Write Command Set-Up Time 





- 





- 





- 


ns 


15 


t CWD 




30 


- 


40 


- 


50 


- 


ns 


15 


CAS to WRITE Delay 


C RWD 




80 


- 


100 


- 


125 


- 


ns 


15 


RAS to WRITE Delay 


tCSR 


CAS Set-Up Time (CAS before RAS) 


10 


- 


10 


- 


10 


- 


ns 




C CHR 


CAS Hold Time (CAS before RAS) 


30 


- 


30 


- 


30 


- 


ns 




C RPC 


RAS Precharge to CAS Active Time 





- 





- 





- 


ns 




tCPT 


CAS Precharge Time (CAS before 
RAS Counter Test) 


40 


- 


50 


- 


60 


- 


ns 





CAPACITANCE 


(T CC =5V110%, f=lMHz, Ta=0'*>70°C) 








SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


. Cl 1 


Input Capacitance (Ao ■ As, D]^) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CAS, WRITE) 


- 


7 


CO 


Output Capacitance (Dqut) 


- 


7 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 - ^CCl) 1CC3, ICCA, 1CC5 depend on cycle rate. 

4- ICCl> ICCA depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurement assume tj=5ns. 

7. Vjj^(min.) and Vj^max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vth and Vj^. 

8. Assumes that tRCD = tRCD( max -)- If tRcp is greater than the maximum recommended 
value shown in this table, tR^c will increase by the amount that tRCD exceeds 
the value shown. 

9. Assume that tRCD - tRCD^™ 3 *- ) 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

12. Either t R ^^ or t^^ must be satisfied for a read cycle. 

13. Operation within the tRCD( m ax-) limit insures that tR^^(max.) can be met. 
tRcp(max.) is specified as a reference point only: If tR^u i s greater than the 
specified t^QpCmax.) limit, then access time is controlled exclusively by ^q^q. 

14. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write or read-modi fy-wri te cycles. 

15. tycs, ^CWD ap d tRWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If t\jQ$ ^ t^Qg(min.), 

the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; If tQ^p > tcyp(.min.) and tf>^p 2 t^D 
(min.), the cycle is a read-write cycle or read-modi fy-wri te cycle and the data out 
will contain dataread from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate. 
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TIMING WAVEFORMS 
READ CYCLE 



RAS 



A0~A8 



WRITE 



Dour 



V IH 

VlL — 

ViH ~ 

V IL ~~ 

ViH — 
V IL — 



Vih -7 



'IL 



VOH — 

Vol — ' 



\ 



"ASR 



t RC 



■tRAS 



X AR 



tCSH 



tROD 



t RAH 



ROW 
ADDRESS 



WRITE CYCLE (EARLY WRITE) 



him: 



'\\z 



'ASC 



: OAH 



COLUMN 
ADDRESS 



t ROS 




tRSH 



t CAS 



/ t RP \ 



zcr 



t CRP 



7 W/////////////////M 



tCAC 



OPHN 



: RRq 



focH. 



mm 



^ VALID DATA } 



CqFF 



Don't care 



RAS 



CAS 



V IH — 
V IL — 

ViH — 
VlL — 



V IH — 



Vtt. — 



\ 



'IL 




L ASR 



^KC 



t RAS 



tRCD 



ROW 
ADDRESS, 



'RAH 



'^: 



t ASO 



COLUMN 
ADDRE 



t hSH 



t OAS 



CAH 



A- *«* \ 



& 



■tCRP 



^LWMMZMMK 



™ ;" i f///////A 



H'CB 



L DS 



H'P 



t WCR 



D/N 



DOUT 



V IL ■ 

VOH- 
VOL -_ 




t CWL 



H'CH 



■tRWL 



-I 



-DH 



VALID DATA 



t DHR 



OPEN 



Don't care 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 



RAS 



CAS 



VlH - 
VlL _ 



VlL _ 



\ 



^ASR 



A0~A8 VlH ~~ 



VlL /^ADDRESS 



t RWO /t RIW 



r RAS 



L AR 



G ROD 



t RAH 



ROW 



W 



tCAH 



COLUMN 
ADDRESfc 



■tRCS 



«™ Z-JZMM 




DqUT 



din 



Vol 



tRSH 



3 t RP 



t CSH 



LJ 



C CRP 



Z7 W///////////////////////////M 



t RWD 



t CWD 



t CAC 



OPiiN 



'RAG 



< 



■tCWL 



■-RWL 



\_v 



C WP 



^DS 



VALID DATA 



tDH 



-OFF 



> 






R7/3 Don't care 
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PAGE MODE READ CYCLE 



-RAS 



RA3 



'IH 



VlH 



VlL — 



- It 

t CRP 

1 



t ASBl 



T AR 



t CSH 



tRCD 



t RAH 



^ 



r PC 



^CAH 



t RSH 



•ASC 



I _ t CAC i I | t CAC t CAC 

tRAC | itOPF"" - to? Jr -1 , t FP 






I J GP - t CAS , ^CAS _, I "" 

■I | tCAH . tcAU 
^ASO ^ASC H 



J OUT 



vol — 



"5CS | 



OPEN- 

VARID DATA 




1rch_Ji 4-J- 



r RCS 



<3- — C3^ 



VARID DATA 



44- 



VARID DATA 
t RCH 



Z-WMW ~W 



^M 



// 



f/7\ Don't care 



PAGE MODE WRITE CYCLE (EARLY WRITE) 



RA3 



'IH =\ t 

r IL V 



X CR? 



VlH — f 



t RAH 



"ASP. i 



■tRAS 



t CSH 



tRCD 



I -ASCI 



\ 






t CAS 



"tCAH 



A0-A3 ^h-///v\^:t\^ 



I ^CP 



^AS 



: CAH 



nt=j'x~ir 



-ASC , 



■crsh 



-CAH 



C CPN 

r — i 



i V JTCH ! 



^MC1D<^M/M1M 



7 ////// , 7 . 7 



WRITS 



7h- -77777 



t CWL 



r WCH I 



t C7TL 



^wpI 



U*? ! 



I t F.TL 



= IN 



13 -/////. 






^DHR 



//] Don't care 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 



VlL — 



N: 



f IH — 



^ASR 



t RWO /t RMW 



''il — -J^ZL 



•RAS 



t AR 



t RAH t ASC 



ROW 
DDRSSS 



XX 



/: 



"CSH 



^AH 



COLuMN 
AEBRESS 



£7 



r CRP 



tRCS 



TOTT2 V ' IH 7/ 



^ 



©c 



-RTD 



r CTL 



r C;VD 



OH — 
'CL — 



'RTL 



'^LV 



:fen 



t RAC 



i 



VALID DATA 



> 



'ss [, J r L PH | 

>» :- a ^//////////////////////////////////////mr^ m. 



Y77X Don't care 
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RAS ONLY REFRESH CYCLE 



t RC 




'OH 



OPEN 



Note: WRITE=Don't care, A8=Don't care 



Don't care 



CAS BEFORE RAS REFRESH CYCLE 



J OU" 



'IH 



t RC 



tRP 



-RPC 



- Zz_^— \ 



tCPN 



\ 



tQPF 



t CSR 



-RAS 



t CHR 



OPEN 



if 



Note: WRITE=Don't care, AO ^ A8=Don ' t care 



Don't care 
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HIDDEN REFRESH CYCLE (READ) 



RAS 



'IH 
'IL 



'IH 
'iL 



"Sr== 



■tASR 



A0-A8 



WRI TE 



J OUT 



C RC 



C RAS 



Afi. 



t RCD ■ 



tASC 



tRAH 



;: zmzzm 



\ 



r\ 



t CAH 



C RP 



t RO 



t RAS 



tCAS 



/ 



tRCS, 



iH —7 



'IL 



'OL 




X RRH 



■tCAC 



t RAO 



< 



HIDDEN REFRESH CYCLE (WRITE) 



~/^RpJ\_ 



VALID DATA 



-OFF 



> 



Don't care 



RAS 



VlH \ _ 

Vtt. ^=- 



VlH 

VlL 



-ASR 



VlL ' 



C RC 



*RAi 



C AR 



^RCD 



WRITE 



Vih— 7 



din 



dqut 



'IL 



'IH 



VlL 
V H 



C RAH 



-ASC 



\ 



COL 
ADD 



t WCS 



*Dfc 



k 



t RSH 



-CAH 



t RWL 



: WP 



H'CB. 



"DH 



VALID 
DATA 



C DHR 



^RP 



\ 



tRAS 



klHR 



zf 



OPEN 



~/j£pJ\_ 



Don't care 
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CA"3 BEFORE 553 REFRESH COUNTER TEST CYCLE 



t RAS 



RAS 



A0~A8 



READ CYCLE 



D OUT 



WRITE 



WRITE CYCLE 



D OUT 



WRITS 



Din 



din 




READ-WRITE/READ-MODIFY-WRITE CYCLE 



J OUT 



WRI TE — 7/ 



Don't care 
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APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TMM41256AP/AT/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS) , latches the 9 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS) , subsequently 
latches the 9 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the ad- 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row address Hold Time specification (tj^^) has been satisfied and the address inputs 
have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 



a combination of "WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (Dj^) register. 
This permits several options in the write cycle timing. In a write cycle, if the 



WRITE input is brought low (active) prior to CAS, the Di^ is strobed by CAS and the 
set-up and hold times are referenced to CAS. If the input data is not available at 



CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 



edge of WRITE rather than CAS. (To illustrate this feature, D^ is referenced to 



WRITE in the timing diagrams depicting the read-write and page mode write cycles 
while the "early write" cycle diagram shows Djjj referenced to CAS) . 



Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low) . Data read from the selected cell will be available at the output 
within the specified access time. 
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TMM41 256AP/AT/AM 0, TMM41 256AP/AT/AM 2 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TMM41256AP/AT/AZ is the 
high impedance (open circuit) state. This is to say, anytime CAS is at a high 
level, the Dqut Pi- n will be floating. The only time the output will turn on and 
contain either a logic or logic 1 is at access time during a read cycle. DoUT 
will remain valid form access time until CAS is taken back to the inactive (high 
level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM41256AP/AT/AZ allows for successive memory 
operations at multiple column locations of the same row address with increased 
speed without an increase in power. This is done by strobing the row address into 
the chip and maintaining the RAS signal at a logic throughout all successive memory 
cycles in which the row address is common. This "Page Mode" of operation will not 
dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new row address is eliminated, thereby decreasing the 
access and cycle times. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory 
cycle at each of the 256 row address (A0^A7) within each 4 millisecond time inter- 
val. Although any normal memory cycle will perform the refresh operation, this 
function is most easily accomplished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power is 
reflected in the IcC3 specification. 
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CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TMM41256AP/AT/AZ offers an 
alternate refresh method. If CAS is held on low for the specified period (tQg^) 
before RAS goes to low,, on chip refresh control clock generators and the refresh 
address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automat- 
ically incremented in preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TMM41256AP/AT/AZ is that refresh cycles may be 
performed while maintaining valid data at the output pin. This is referred to 
as Hidden Refresh. Hidden Refresh is performed by holding CAS at V"il an d taking 
RAS high and after a specified precharge period (t^p) , executing a CAS before 
RAS refresh cycle. (see Figure below) 



RAS-' 



CAS 



D OUT OPEN- 



MEMORY CYCLE 



r~\ / 



< 



REFRESH CYCLE 



VALID DATA 



REFRESH CYCLE 



> 



This feature allows a refresh cycle to be "hidden" among data cycles 
without affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TMM41256AP/AT/AZ can be tested by CAS 
BEFORE RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking 
the internal counter address as row address and the input address as column 
address. 

The test is performed after a minimum of 8 CAS before RAS cycles as ini- 
tialization cycles. The test procedure is as follows. 



(T) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read "0" out and write "1" in 
each cell by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE 
CYCLE). Repeat this operation 256 times. 

(3) Check "1" out of 256 bits at normal read mode, which was written at (2). 

(4) Using the same column as :2^, read "1" out and write "0" in each cell 
performing CAS" BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, which was written at (A). 

(6) Perform the above (l) to (5) the complement data. 
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OUTLINE DRAWINGS 
• Plastic DIP 



TMM41 256AP/AT/AZ-1 0, TMM41 256AP/AT/AZ-1 2 
TMM41256AP/AT/AZ-15 



Unit in mm (inches) 



, n 


m 


m 


r - 1 


n 


n 


r~i 


n 




















CM 


1 
















t-~ 


















\o 


u 


i_j 


l_j 


L_J 


L_l 


i_i 


l_i 


u 





19.9(.783)MAX 




7.62(.300)±0.25(010) 



2.54(.100)±0.25(.010) 



+0.1 (.004) 

o^sf.oio^ 

0.05(.002) 



().<!. 



0~lb l 



Note: Each lead pitch is 2.54mm. All leads are located within 0.?^mm of 
their true longitudinal position with respect to No.l and No. 16 
leads. All dimensions are in millimeters. 
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Plastic LCC 



13.26(.522)~13.51(.532) 



: 



12.37(.487)~12.52(.493) 



INDEX DOT 



18 



I I l_l I I l_l L_l 



INDEX CORNER 



0.66(.026)~0.81(.032) 







Unit in mm (inches) 




Note: Each lead pitch is 1.27mm. All dimensions are in millimeters. 
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20.65(0.813) MAX 



Unit in mm (inches) 



3.05(.120)MAX. 



























J\) 


Jii V L 

1.27(.050 
±0.25(.01C 


/ 1/ L 

) _ 


/ 1/ 1/ 1/v 

0.45(.018)~0 


/ V V V V 

75(.O30) 




0.20(.008),~ 0.35(014) 
2.54(.100)TYP 




Note: Each lead pitch is 1.27mm. All dimensions are in millimeters, 

Note: Toshiba does not assume any responsibility for use of any 

circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 



262,144 WORD X 1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 



TMM41257P/T-12 
TMM41257P/T-15 



DESCRIPTION 

The TMM41257P/T is the N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed address inputs 
permit the TMM41257P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip carrier. The 
package size provides high system bit densities and is compatible with widely available automated testing and insertion 
equipment. The double layered MOS technology with polycide and poly Si permits the TMM41257P/T high speed 
operation. Also, the advanced circuit techniques have realized low power dissipation. System oriented features include 
single power supply of 5V±10 % to lerance, direct interf acing capabi lity w ith high performance logic families such as 
schottky TTL In addition to the RAS only refresh mode, a CAS before RAS automatic refresh is available. Another special 
feature of TMM41257P/T is nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 



FEATURES 

• 262,144 words by 1 bit organization 

• Fast access time and cycle time 





TMM41257P/T-12 


TMM41257P/T-15 


RAS Access Time 


120ns 


150ns 


CAS Access Time 


60ns 


75ns 


Cycle Time 


220ns 


260ns 


Nibble Mode 
Access Time 


30ns 


40ns 


Nibble Mode 
Cycle Time 


55ns 


70ns 



• Single power supply of 5V±10% with a built-in 
V BB Generator 



PIN CONNECTION (TOP VIEW) 



Plastic LCC 



'Plastic DIP 



CAS[17 

V S S(1E 

A8[1 
D, N q2 



Oco ^ co -"f 

Q < Z < < Aa . 

~-"-~ A8 d 1 

1615141312 11]A5 Dinc 2 

10 JA7 WRIT EC 3 

ULIUUU ' 



l_ < z < < 
— DC 



AO C 5 

A2 L~ 6 

A1 q7 

VCC 



"V 



■i6 3 yss_ 

15 D CAS 
14 3 D OUT 
13d A 6 
12 h A3 
11 DA4 
10 DA5 
9-3A7 



Low Power: 
385mW MAX. Operating (TMM41257P/T-12) 
330mW MAX. Operating (TMM41257P/T-15) 
28mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, and Nibble Mode 
capability 

All inputs and output TTL compatible 

256 refresh cycles/4ms 

Package 
Plastic DIP .-TMM41257P 

Plastic Leaded Chip Carrier :TMM41257T 



BLOCK DIAGRAM 

vcc v ss 



D|N 



WRITE O- 



CAS 



?o- 



DATA IN 
BUFFER 



X 



DOUT 

_J_ 



DATA OUT 
BUFFER 

1 



71 



No. 2 CLOCK 
GENERATOR 



PIN NAMES 



AO ~ A8 


Address Inputs 


CAS 


Column Address Strobe 


D|N 


Data In 




D OUT 


Data Out 




RAS 


Row Address Strobe 




WRITE 


Read/Write Input 




vcc 
vss 


Power (+5V) 
Ground 



AO 0*> 
A1 O*- 
A2 0»- 
A3 0»* 
A4 O*- 
A5 O*- 
A6 0»> 
A7 0+~ 
A8 0+- 



3 



COLUMN 
ADDRESS 
BUFFERS (9) 



A 8C A 8R 



NIBBLE 
SELECTOR 



/«- 



REFRESH 
CONTROLLER 

4 



a 



is 



REFRESH 
COUNTER (8) 



ROW 

ADDRESS 
BUFFERS (9) 







=10 



COLUMN 
DECODER 



SENSE AMP 
I/O GATING 



JJJ.t 



RAS 



No. 1 CLOCK 
GENERATOR 







go 

oo 

rr O 



256 



juuui 



1024 



<^ 



MEMORY 
ARRAY 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V IN. VoUT 


-1-7 


V 




Power S- — >ly Voltage 


vfcc 


-1-7 


V 




Operating Temperature 


T OPR 


0-70 


°c 




Storage Temperature 


T STG 


-55-150 


°c 




Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 




Power Dissipation 


PD 


600 


mW 




Short Circuit Output Current 


'out 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V|H 


Input High Voltage 


2.4 




6.5 


V 


2 


V|L 


Input Low Voltage 


-1.0 




0.8 


v "1 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10°/o, Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


!CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling: tRC=tRC MIN.) 


TMM41257P/T-12 




70 


mA 


3,4 


TMM41257P/T-15 




60 


'CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V| H ) 




5 


mA 




'CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V| H : t RC =tRc MIN.) 


TMM41257P/T-12 




60 


mA 


3 


TMM41257P/T-15 




50 


!CC4 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 

(RAS=V| L , CAS Cycling: t NC =tNC MIN -> 


TMM41257P/T-12 




40 


mA 


3,4 


TMM41257P/T-15 




30 


!CC5 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS Mode 

(RAS Cycling, CAS Before RAS: t R c=tRc MIN.) 


TMM41257P/T-12 




60 


mA 


3 


TMM41257P/T-15 




50 


'l(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^V| N ^6.5V, All Other Pins Not Under Test=OV) 


-10 


10 


/lA 




'O(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV^V UT=+5-5V) 


-10 


10 


ma 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (louT = ~ 5mA ) 


2.4 




V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (louT =42mA ) 




0.4 


V 
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ELECTRIAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70"C) (Notes 5, 6. 7) 



SYMBOL 


PARAMETER 


TMM41257P/T-12 


TMM41257P/T-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


220 


- 


260 


- 


ns 




tnwc 


Read-Write Cycle Time 


240 


- 


285 


- 


ns 




tHMW 


Read-Modify-Wnte Cycle Time 


260 


- 


310 


- 


ns 




tRAC 


Access Time from RAS 


- 


120 


- 


150 


ns 


8,10 


tCAC 


Access Time from CAS 


- 


60 


- 


75 


ns 


9,10 


tOFF 


Output Buffer Turn-Off Delay 


5 


30 


5 


35 


ns 


11 


tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


trip 


RAS Precharge Time 


90 


- 


100 


- 


ns 




tRAS 


RAS Pulse Width 


120 


10,000 


150 


10,000 


ns 




tRBH 


RAS Hold Time 


60 


- 


75 


- 


ns 




tCSH 


CAS Hold Time 


120 


- 


150 


- 


ns 




tCAS 


CAS Pulse Width 


60 


10,000 


75 


10,000 


ns 




tHCD 


RAS to CAS Delay Time 


25 


60 


25 


75 


ns 


13 


tCRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


ns 




tCPN 


CAS Precharge Time 


20 


- 


25 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 


ns 




tCAH 


Column Address Hold Time 


25 


- 


30 


- 


ns 




tAR 


Column Address Hold Time Reference to RAS 


85 


- 


105 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 


ns 




tRCH 


Read Command Hold Time Reference to CAS 





- 





- 


ns 


12 


tRRH 


Read Command Hold Time Reference to RAS 


15 


- 


20 


- 


ns 


12 


tWCH 


Write Command Hold Time 


25 


- 


30 


- 


ns 




twCR 


Write Command Hold Time Reference to RAS 


85 


- 


105 


- 


ns 




tWP 


Write Command Pulse Width 


25 


- 


30 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


35 


- 


45 


- 


ns 




tCWL 


Write Command to CAS Lead Time 


35 


- 


45 


- 


ns 




tDS 


Data-in Set-Up Time 





- 





- 


ns 


14 


tDH 


Data-in Hold Time 


25 


- 


30 


- 


ns 


14 


tDHR 


Data-in Hold Time Reference to RAS 


85 


- 


105 


- 


ns 




tRFF 


Refresh Period 


- 


4 


- 


4 


ms 




twcs 


Write Command Set-Up Time 





- 





- 


ns 


15 


tcWD 


CAS to WRITE Delay 


40 


- 


50 


— 


ns 


15 


tRWD 


RAS to WRITE Delay 


100 


- 


125 


- 


ns 


15 


tCSR 


CAS Set-Up Time (CAS before RAS) 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time (CAS before RAS) 


30 


- 


30 


- 


ns 




tRPC 


RAS Precharge to CAS Active Time 





- 





— 


ns 




tCPT 


CAS Precharge Time (CAS before RAS Counter Test) 


50 


- 


60 


- 


ns 




tNC 


Nibble Mode Cycle Time 


55 


- 


70 


— 


ns 




tNRWC 


Nibble Mode Read-Write/ 
Read-Modify-Wnte Cycle Time 


85 


- 


105 


- 


ns 




tNCAC 


Nibble Mode Access Time 


- 


30 


— 


40 


ns 


10 


tNCAS 


Nibble Mode Pulse Width 


30 


- 


40 


- 


ns 




tNCP 


Nibble Mode CAS Precharge Time 


15 


- 


20 


- 


ns 




tNRRSH 


Nibble Mode RAS Hold Time (Read) 


25 


- 


30 


- 


ns 




tNWRSH 


Nibble Mode RAS Hold Time (Write) 


45 


- 


50 


- 


ns 




tNCWD 


Nibble Mode CAS to WRITE Delay Time 


30 


- 


40 


— 


ns 




tNCWL 


Nibble Mode WRITE Command to CAS Read Time 


25 


- 


30 


- 


ns 
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CAPACITANCE (Vcc = 5V±1 0%, f=1MHz, Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


C|1 


Input Capacitance (Aq~As, D|n) 




5 


PF 


C| 2 


Input Capacitance (RAS, CAS, WR I T E) 


- 


7 


PF 


CO 


Output Capacitance (Dqut) 




7 


PF 



NOTES: 



1. 

2. 
3. 
4. 
5. 

6. 
7. 

8. 

9. 

10. 

11. 

12. 
13. 

14. 
15. 



Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

All voltages are referenced to Vss- 

'CC1> 'CC3- 'CC4- 'CC5 depend on cycle rate. 

'CC1. 'CC4 depend on output loading. Specified values are obtained with the output open. 



An initial pause of 200jus is required after power-up followed by any 8 RAS cycles before 
pr oper device opera tion is achieved. In case of using inter nal refresh counter, a minimum of 
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required. 

AC measurements assume tj=5ns. 

V|H(min.) and V|i_(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and V|L- 

Assumes that tRCD^tRCD (max.). If tRCD is greater than the maximum recommended value 
shown in this table, tRAC wi|1 increase by the amount that tRCD exceeds the value shown. 

Assumes that tRCD^tRCD (max.). 

Measured with a load equivalent to 2 TTL loads and 100pF. 

tOFF(max-) defines the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

Either tRCH or tRRH must be satisfied for a read cycle. 

Operation within the tRCD(max.) limit insures that tRAC( m a x ) can °e met. tRCD( m a x ) is 
specified as a reference point only: If tRCD is greater than the specified tRCD(max.) limit, 
then access time is controlled exclusively by tCAC- 



These parameters are referenced to CAS leading edge in early write cycles and to WR ITE 
leading edge in read-write or read-modify-write cycles. 

tWCS. tcWD and tRWD are n ot restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twCS^tvVCS(min.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tcWD^tcWD(min.) and tRWD^ t RWD(min.) > the cycle is a read-write cycle or read- 
modify-write cycle and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 



A-36 — 



TIMING WAVEFORMS 
• READ CYCLE 



TMM41257P/T-12 
TMM41257P/T-15 



CAS 



A0-A8 



WRITE 



V|H 
V|L 



V|H 
V|L 



V|H 
VlL 



V| H 
VlL 



DOUT V ° H 
v OL 




^ VALID DATA S 



• WRITE CYCLE (EARLY WRITE) 



Don't Care 




DQUT V ° H 

vol 



Don't Care 
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 



'rwc/'rmw 



RAS 


V|H 
V|L 


CAS 


V|H 




V|L 


A0-A8 


V|L 
V|H 


WRITE 


D OUT 


VOH 




vol 


D|N 


V|H 




V|L 




Don't Care 
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• NIBBLE MODE READ CYCLE 



TMM41257P/T-12 
TMWI41257P/T-15 



V| H 

CAS 

V|L 



tRAS 




• NIBBLE MODE WRITE CYCLE 



Don't Care 




Don't Care 
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• NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 



RAS 



V|L 



CAS V IH 
VlL 



A0-A8 



WRITE 



V| H 
VlL 



V| H 
VlL 



D| N V IH 

VlL 



DOUT 



VOH 

vol 



l: 



'RAS 



'AR 



'CSH 



'RCD 



pi 'R AH J t 



'CAS 



.rvjo^rw 



^ 'rp 



'NWRSH 




C VALID \ / VALID \ / VAI in \ 

DATA / \ DATA / \ DATA / 



Don't Care 
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• RAS ONLY REFRESH CYCLE 




D OUT 



VOH 

vol — 



OPEN 



Note: WR I T E =Don't Care, A8=Don't Care 



• CAS BEFORE RAS CYCLE 



Don't Care 



RAS 



CAS 



D OUT 




Note: WR ITE =Don't Care, A0~A8=Don't Care 



Don't Care 
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• HIDDEN REFRESH CYCLE (READ) 






CAS 



D OUT 




Don't Care 



• HIDDEN REFRESH CYCLE (WRITE) 



RAS 



CAS 



V| 

V|H 
V|L 



" z — \ 



'ASR 



A0-A8 V IH — 

V IL _ 



'RC 



'RAS 



« tAR - 



IRCD 



ROW 
ADD 



JRAH^ 
'ASC 






'RSH 



'CAH 



>RC 



l RAS 



'CAS 



-, 'CHR ■ 



in^WMMI ili , 



V|H 

D|N V| L 



D OUT 



V H — 

vol 



'RP. 



JrX 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



•ras 




Don't Care 
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APPLICATION INFORMATION 



ADDRESSING 



The 18 address bits required to decode 1 of the 262,144 cell locations within the TMM41257P/Tare 
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 



The first clock, the Row Address Strob e (RA S), latches the 9 row address bits into the chip. The 
second clock, the Column Addr ess S trobe (CAS ), subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
ope ration is done outside of the critical path timing sequence for read data access. The later even ts in 
the CAS clock sequenc e are inhibited until the o ccurr ence of a delayed signal derived from the RAS 
clock chain. This "gated CAS " feature allows the CAS clock to be externally activated as soon as the 
Row address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be writt en into a se lected cell is latched into an on-chip r egister by a com bination of 
WRITE and CAS while RAS is active. The later of the signals (WRITE or CAS) to make 
its negative transition is the strobe for t he Data In (Din) register. This permits sever al opt ions in the 
write cycle timin g. In a write cycle, if the WR ITE input is brough t low (active) prior to CAS, the Din is 
str obed by CAS and the set-up and hold times are referenced to CAS. I f the inp ut data is not available 
at CAS ti me or if it is desired that the Cycle be a read-write cycle, the WRITE signal will be delayed 
until after CAS has made its negative transition. In this "del ayed write c ycle" the data input set-up and 
hold times are refere nced to t he negative edge of WR ITE rather than CAS. (To illustrate this feature, 
Din is referenced to WRITE in the timing diagrams depicting the re ad-w rite and nibble mode write 
cycles while the "early write" cycle diagram shows Din referenced to CAS). 



Data is retrieved from the memory in a read cycle by ma intain ing WRITE in the inactive or high 
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the 
selected cell will be available at the output within the specified access time. 
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DATA OUTPUT CONTROL 



The normal condition of the Data Outp ut (DoilT) of the TMM41257P/T is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the DoilT Pin will be floating. The only time 
the output will turn on and contain either a l ogic or logic 1 is at access time during a read cycle. 
DOUT will remain valid from access time until CAS is taken back to the inactive (high level) condition. 



NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. Th e firs t of 4 bit s is 
accessed in the usual manner with read data coming out at tCAC time. By keeping RAS low, CAS can 
be cycled up and then down, to read or write the next three pages at a high data rate (faster than 
tCAC)- Row and colu mn ad dresses need only be supplied for the first access of the cycles. From then 
on, the falling edge of CAS will activate the next bit. After four bits have been accessed, the next bit will 
be the same as the first bit accessed (wrap-around method). 



(0,0) —+. (0,1) ^ (1,0) ». (1,1) 



Pin one (As) determines the starting point of the circular 4 bits nibble. Row As and column As provide 
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary 
fashion; 00->01->10->11 with As row being the least significant address. 

A nibble cycle can be a read, write, or late write cycle. Any combinations of reads a nd w rites or late 
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low. 



RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row address (Arj~A7) within each 4 millisecond time interval. Although any no rmal memory cycl e will 
perform the refresh operation, this function is most easily accomplished with "RAS-only" cycles, RAS 
only refresh results is a substantial reduction in operating power This reduction in power is reflected in 
the ICC3 specification. 
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CAS BEFORE RAS REFRESH 



CAS before RAS refreshing available on the TMM41257P/T offers an alternate refresh method. If 



CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operati on is perfor med, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 



HIDDEN REFRESH 

An optional feature of the TMM41257P/T is that refresh cycles may be performed while maintaining 
valid da ta at the output pin. This i s referred to as Hidden Refresh. Hidden Refresh is performe d by 
holding CAS at V|i_ and taking RAS high and after a specified precharge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 



RAS 



CAS 



\ / 



DQUT-OPEN 



MEMORY CYCLE 



REFRESH CYCLE 



"\ 



^. 



\ 



< 



AA / 



VALID DATA 



REFRESH CYCLE 



/ 



> 



This feature allows a refresh cycle to be "hidden" among data cycles without affecting the data 
availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 



The internal refresh operation of TMM41257P/T can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as 
row address and the input address as column addr ess. 

The test is performed after a minimum of 8 CAS before RAS cycles as intialization cycles. The test 
procedure is as follows. 

(1) Write "0" into all the memory cells at 
normal write mode. 

(2) Select one certain column address and 
read "0" ou t and write "1" in e ach cell by 
performing CAS BEFORE RAS REFRESH 
COUNTER TEST (READ-WRITE CYCLE). 
Repeat this operation 256 times. 

(3) Check "1" out of 256 bits at normal read 
mode, which was written at (2). 

(4) Using the same column as (2), read "1" 
out a nd write "0" in each cell performing 
CAS BEFORE RAS REFRESH COUNTER 
TEST. Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read 
mode, which was written at (4). 

(6) Perform the above (1) to (5) with the 
complement data. 
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OUTLINE DRAWINGS 



Plastic Dip 



Unit in mm (inches) 



16 15 14 13 12 11 10 9 



rh rh rh rh rh rti *"|~» rh 



R1.0 (.039) 



l|-J L-U L-Ll l-l-l ij-l L-U l-l-l L-jJ 



1 2 3 



19.9(.783)MAX. 



7.62(.300)+0.25(.010) 




2.54(.100)±0.25(.010) -*- 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal 

position with respect to No.1 and No.16 leads. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 

patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 



— A-48 



TMM41257P/T-12 
TMM41257P/T-15 



• Plastic LCC 



Unit in mm (inches) 









13.26(.522)~13.51(.532) 


12.37(.487)~12.52(.493) _, 






I 




1 1 1 1 1 1 l"l 1— 1 


n 
en 
eg 

■* 

co t-; 
co ; 

CM o 

— CM 
r-.' 

: 


[ 
[ 
[ 







" 17 

'. 18 

' 2 


16 15 14 13 12 

11 
INDEX DOT 1Q -| 


■> 
i 


6 9 \ 

8 J 
3 4 5 6 7 


} 


' * > 


r 


' y uuuuu 




INDEX CORNER 



0.66(.026)~0.81(.032) 



<ii 



MW> 



0.33(.013)~0.53(.021) 



10.85(.427)~11.86(.467) 



^^BDOfflto 






000 



1.27(.050)TYP. 






B 
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TOSHIBA MOS MEMORY PRODUCT 



s^on 4 mTout X h1c BIT dynam,c bam TMM41 257 AP/AT/AZ-1 0, TMM41 257 AP/AT/AZ-1 2 

TMM41257AP/AT/AZ-15 



SILICON MONOLITHIC 
N-CHANNEL SILICON GATE CMOS 



DESCRIPTION 



"This is advanced information and specifications are subject to 
change without notice. 



The TMM41257AP/AT/AZ is an N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed 
address inputs permit the TMM41257AP/AT/AZ to be packaged in a standard 16 pin plastic DIP, 18 pin PLCC and 
16 pin ZIP. The package size allows for high system bit densities and is compatible with widely available automated 
testing and insertion equipment. The double layered MOS technology with polycide and poly Si permits the 
TMM41257AP/AT/AZ high speed operation. Also, the advanced circuit techniques have achieved low power 
dissipation. System oriented features include single power supply of 5V±10% tolerance, direct interfacing capability 
with high performance logic families such as schottky TTL. In addition to the RASonly refresh mode, a CASbefore- 
RAS automatic refresh is available. Another special feature of the TMM41257AP/AT/AZ is nibble mode which allows 
the user to serially access 4 bits of data at a high data rate. 



FEATURES 

• 262,144 words by 1 bit organization 

• Fast access time and cycle time 





TMM41257AP/AT/AZ-10/-12/-15 


RAS Access Time 


100ns/120ns/150ns 


CAS Access Time 


50ns/ 60ns/ 75ns 


Cycle Time 


190ns/220ns/260ns 


Nibble Mode Access Time 


25ns/ 30ns/ 40ns 


Nibble Mode Cycle Time 


50ns/ 60ns/ 70ns 



• Single power supply of 5V±10% with a built-in Vgg 
generator 

• Low Power: 

440mW MAX. Operating (TMM41257AP/AT/AZ-10) 

396mW MAX. Operating (TMM41257AP/AT/AZ-12) 

358mW MAX. Operating (TMM41257AP/AT/AZ-15) 

28mW MAX. Standby 

PIN CONNECTION (TOP VIEW) 



Plastic LCC 



Plastic ZIP 



Plastic DIP 



V SS (1£ 

ASll 
Dint? 



II 3A5 
) JA7 

Pv co 

Al 



— ^' 
CAS 3J 

A8 a 

WRITE 3 



!£V 88 



13 
Al U) 

A * £3 El A3 



Qo A3 
EI>CC 



A8l 

din 1 

WRITEl 

Ea3I 

AO[ 

AZ[ 

All 

V CC I 



16 1 V SS 

15 JCas 
14 ]D 00T 



13 



]A6 



12 lA3 

lA4 

10 3A5 

> 1A7 



PIN NAMES 



A0 ^ A8 


Address Inputs 


CAS" 


Column Address Strobe 


Din 


Data In 


DOUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


v C c 


Power (+5V) 


VSS 


Ground 



Output unlatched at cycle end al- 
lows two-dimensional chip selec- 
tion 
Common I/O capability using 

"EARLY WRITE" operation 

Read-Mod if y- Write , CAS before RAS 
refresh, RAS-only refresh, Hidden 
refresh, and Nibble Mode capabil- 
ity 

All inputs and output TTL com- 
patible 

256 refresh cycles/4ms 
Package 

Plastic DIP : TMM41257AP 

Plastic Leaded 



Chip Carrier 
Plastic ZIP 



TMM41257AT 
TMM41257AZ 



BLOCK DIAGRAM 

v C c v ss 

T f 



D IN 



WRITE O- 



DATA OUT 
BUFFER 

"J" 



No.2 CLOCK 
GENERATOR 



A0C 
AI« 
A2 0~» 
A3 O— 
Mt 
A5 O— 



PO 



COLUMN 
ADDRESS 
BUFFERS (9) 



Q 



REFRESH 
CONTROLLER 



I A 8C, A 8R 



a 



fes 



REFRESH 
COUNTER(S) 



ROW 

ADDRESS 
BUFFERS (9) 



NoJ. CLOCK 
OENERATOR 



^1=J> 



ZL 



NIBBLE 
SELECTOR 



C 



COLUMN 
■A DECODER 



SENSE AMP 
I/O OATINO 



c 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V IN» v OUT 


-l«y7 


V 


1 


Power Supply Voltage 


v C c 


-1*7 


V 


1 


Operating Temperature 


T OPR 


O'WO 


°C 


1 


Storage Temperature 


TSTG 


-55 * 150 


°C 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


I OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


V IL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0%70 


°C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS' Cycling: t RC =t RC MIN.) 


TMM41257AP/AT/AZ-10 


- 


80 


mA 


3, 4 


TMM41257AP/AT/AZ -12 


- 


72 


TMM41257AP/AT/AZ-15 


- 


65 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS"=Vi H ) 


- 


5 


mA 




ices 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only 

Refresh Mode 

(RAS" Cycling, CAS=ViH: t RC =t RC MIN.) 


TMM 41257 AP/AT/AZ -10 


- 


70 


mA 


3 


TMM41257AP/AT/AZ -12 


- 


62 


TMM41257 AP/AT/AZ -15 


- 


55 


ICC4 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 

(RAS=V IL , CAS Cycling: t NC =t NC MIN.) 


TMM41257 AP/AX/AZ -10 


- 


50 


mA 


3,4 


TMM41257AP/AT/AZ -12 


- 


45 


TMM41257AP/AT/AZ -15 


- 


40 


X CC5 


CAS BEFORE RAS REFRESH CURRENT 
Average Power Supply Current, CAS Before 
RAS Refresh Mode (RAS, CAS" Cycling, 
CAS Before RAS: t RC =t RC MIN.) 


TMM41257 AP/AT/AZ -10 


- 


70 


mA 


3 


TMM41257AP/AT/AZ-12 


- 


62 


TMM41257 AP/AT/AZ -15 


- 


55 


x ia) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V1V IN < 6.5V, All Other Pins Not Under Test = 0V) 


-10 


10 


UA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(DouT is disabled, 0V £ Vqut =+5.5V) 


-10 


10 


UA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (IouT = _5mA ) 


2.4 


- 


V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 









(V C C=5 


V±10%, 


Ta=0^70°C) 


(Notes 5, 


6, 7) 


SYMBOL 


PARAMETER 


TMM41257AP/ 
AT/AZ-10 


TMM41257AP/ 
AT/AZ-12 


TMM41257AP/ 
AT/AZ-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Random Read or Write Cycle Time 


190 


- 


220 


- 


260 


- 


ns 




C RWC 


Read-Write Cycle Time 


200 


- 


240 


- 


285 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


220 


- 


260 


- 


310 


- 


ns 




t NC 


Nibble Mode Cycle Time 


50 


- 


60 


- 


70 


- 


ns 




C NRWC 


Nibble Mode Read-Write /Read- 
Modify-Write Cycle Time 


75 


- 


90 


- 


105 


- 


ns 




t RAC 


Access Time from RAS 


- 


100 


- 


120 


- 


150 


ns 


8,10 


fc CAC 


Access Time from CAS 


- 


50 


- 


60 


- 


75 


ns 


9,10 


tNCAC 


Nibble Mode Access Time 


- 


25 


- 


30 


- 


40 


ns 


10 


tOFF 


Output Buffer Tum-Off Delay 


5 


25 


5 


30 


5 


35 


ns 


11 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


t RP 


RAS Precharge Time 


80 


- 


90 


- 


100 


- 


ns 




fc RAS 


RAS Pulse Width 


100 


10,000 


120 


10,000 


150 


10,000 


ns 




t RSH 


RAS Hold Time 


50 


- 


60 


- 


75 


- 


ns 




t CSH 


CAS Hold Time 


100 


- 


120 


- 


150 


- 


ns 




t CAS 


CAS Pulse Width 


50 


10,000 


60 


10,000 


•75 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


25 


50 


25 


60 


25 


75 


ns 


13 


t CRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




t CPN 


CAS Precharge Time 


15 


- 


20 


- 


25 


- 


ns 




t ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




t RAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




t ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


20 


- 


25 


- 


30 


- 


ns 




C AR 


Column Address Hold Time 
Reference to RAS 


70 


- 


85 


- 


105 


- 


ns 




tRCS 


Read Command. Set-Up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time Reference 
to CAS 





- 





- 





- 


ns 


12 


t RRH 


Read Command Hold Time Reference 
to RAS 


10 


- 


15 


- 


20 


- 


ns 


12 


tWCH 


Write Command Hold Time 


20 


- 


25 


- 


30 


- 


ns 




C WCR 


Write Command Hold Time Reference 
to RAS 


70 


- 


85 


- 


105 


- 


ns 




t VTP 


Write Command Pulse Width 


20 


- 


25 


- 


30 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


25 


- 


35 


- 


45 


- 


ns 




t CWL 


Write Command to CAS Lead Time 


25 


- 


35 


- 


45 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 




SYMBOL 


PARAMETER 


TMM41527AP/ 
AT/AZ-10 


TMM41527AP/ 
AT/AZ-12 


TMM41527AP/ 
AT/AZ-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C DS 


Data-in Set -Up Time 





- 





- 





- 


ns 


14 


t DH 


Data-in Hold Time 


20 


- 


25 


- 


30 


- 


ns 


14 


tDHR 


Data-in Hold Time Reference to RAS 


70 


- 


85 


- 


105 


- 


ns 




tREF 


Refresh Period 


- 


4 


- 


4 


- 


4 


ms 




t WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


15 


tCWD 


CAS to WRITE Delay Time 


30 


- 


40 


- 


50 


- 


ns 


15 


C RWD 


RAS to WRITE Delay Time 


80 


- 


100 


- 


125 


- 


ns 


15 


t NCAS 


Nibble Mode CAS Pulse Width 


25 


- 


30 


- 


40 


- 


ns 




t NCP 


Nibble Mode CAS Precharge Time 


15 


- 


20 


- 


20 


- 


ns 




t NRRSH 


Nibble Mode RAS Hold Time (Read) 


20 


- 


25 


- 


30 


- 


ns 




t NWRSH 


Nibble Mode RAS Hold Time (Write) 


40 


- 


45 


- 


50 


- 


ns 




C NCWD 


Nibble Mode CAS to WRITE Delay 
Time 


25 


- 


30 


- 


40 


- 


ns 




t NCWL 


Nibble Mode WRITE Command to CAS 
Lead Time 


-20 


- 


25 


- 


30 


- 


ns 




t CSR 


CAS Set-Up Time (CAS~ before RSS) 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time (CAS before RAS) 


30 


- 


30 


- 


30 


- 


ns 




tRPC 


RAS Precharge to CAS Active Time 





- 





- 





- 


ns 




t CPT 


CAS Precharge Time (CAS before . 
RAS Counter Test) 


40 


- 


50 


- 


60 


- 


ns 





CAPACITANCE 


(V CC =5V±10%, f=lMHz, Ta=0^70°C) 








SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


Cll 


Input Capacitance (Aq ^ As , Dj^) 


- 


5 


pF 


CI2 


Input Capacitance (RAS, CAS, WRITE) 


- 


7 


pF 


c 


Output Capacitance (Dqut) 


- 


7 


pF 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss* 

3 - I CC1> I CC3» I CC4» I CC5 depend on cycle rate. 

4* 1CC1> I CCA depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refre sh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurements assume t-j;=5ns. 

?• Vuj(min.) and Vjj^max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vjl* 

8. Assumes that tRCD = ^RCdC™ 3 *-) • If ^-RCD * s greater than '.lie maximum recommended 
value shown in this table, t^c will increase by the amount that tRCD exceeds 
the value shown. 

9. Assumes that tRCD - tRCD^" 13 **) 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF( max ») defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

12. Either t^cH or t RRH xaust be satisfied for a read cycle. 

13. Operation within the tRCD( max «) limit insures that -tRAcC™ 3 ^) can be met. 
tRCD(max.) is specified as a reference point only: If t^cD is greater than the 
specified tRCT)(max.) li m it» then access time is controlled exclusively by tcAC* 

14. Th ese pa rameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write or read-modify-write cycles. 

15. tycs » tcWD an d tRWD are not restrictive operating parameters. They are in- 
cluded in the data sheet as electrical characteristics only. If tycs = *"-wcS 
(min.), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; If tcvro = tcwj)(min.) 
and tnyp £ t RWD (min.) , the cycle is a read-write cycle or read-modify-write cycle 
and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 
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TIMING WAVEFORMS 
READ CYCLE 



RAS 



A0"~ A 8 



WRITE 



'IH 



'IH 
'iL 



'IL 



'IH 
'IL 



v OH 

Vol — 



V 



: ASR 



C RC 



: RAS 



■tAR 



H 



; CSH 



: RCD 



ROW 
ADDRESS. 



t RAH 



lv\: 



X ASC 



"tRCS 



r RSH 



r CAS 



-CAH 



COLUMN 
ADDRESS 



»- *RF \ 



:£ 



7 



tCRP 



P 



RRH 



focH 



tCAC 



OPEN 



/VALID DATA \. 



WRITE CYCLE (EARLY WRITE) 



23 Don ' 



t care 



VIH 

VlL 



'IH 



H)~ A 8 



WRITE 



Dm 



D OUT 



'IH 



'IH 
7 IL 



'IH 



\ 



^SR 



tRC 



Z RAS 



tAR 



t CSH 



J *RP \ 



T RCD 



\\; 



ROW 
ADDRESS 



tRAH 



m 



twos 



tASC 



C RSH 



tCAS 



'COLUMN 
.DDRESS. 



tCAH 



:/. 



tCWL 



t WP 



tWCH 



-J 



r DS 



-»— U 



t DH 



OPEN 



tCRP 



W///////////////////K 



T M^^y ///// ///////////////////. 



Don't care 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 



t RWC/' t RMW 



CAS 



Aq~A 8 



WRITE 



DqUT 



din 



'IL 



V IH 
VlL 

V IH 
V IL 

VlH 
V IL 

VOH 



Vol — 




Don't care 
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NIBBLE MODE READ CYCLE 



RAS 



V IH =C - 



An~A c 



J OUT 



'IK 



V IH 
VlL 



'OH 



"tASR 



t RAS 




w^-mw- wmj//////////////////////w/m77r/, 



t RAC 



OPEN 
"tRCS 






^GAG 



7VALID\ 
y>ATA^ f 



C RCH 



^NCAC 



tQPF 



; Valid' * ; / valtdX 

> PAT Ay \DATA / 



tRCS 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 



t RP 



VTA Don't care 



t RRH 



W 



■tRAS 



RAS 



VlH =t . 

V IL - 



V IH 



V IH 
VlL 



"S;= » . 




t^p 



X CWL 



m 



»» ^- Wmm isw?c 



DqUT 



'oh 



sds 



-IP 



r DH 



"DHR 



t DS 



t WP 



../mL-Mhuzzzzzm 



VALID 
.DATA 



-P5. 



;$o©dD^M 



Don't care 
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NIBBLE MODE READ-WRITE/READ-MODIFY -WRITE CYCLE 



A0~ A 8 



WRITE 



J IN 



D OUT 



'IK 



'IH 



'IH 



'IH 
'iL 




ROW 
ADD 



\MW W//////////////////////////////////// 



r RWD 



'OH 



r RAC 



t WP 



\J 



; DH 



NCWD 



I^NCWL 



t NCWL 



t wp 



: DS r _ IT 



■tRWI 



-^DH 



^CAC I fpF Fj . t NCAC 



./""VALID ~\ :"VALID \ / VAPID \ / vat,td\ 

Ji - DATA J/ . : ,.DATA / \ DATA / \ DATA / 



Don't care 
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RAS ONLY REFRESH CYCLE 



RAS 



'IH 



t CRP 



"Sc 



■tASR 



A — A 7 



'IH 



— 7 



t RC 



X RAS 



X RP 



n t RPc 



^^^ 



tRAH 



WM ^^=m 7 /////////////K 



D OUT 



'OH 
; OL 



OPEN 



Note: WRITE=Don't care, A8=Don't care 



Don't care 



CAS BEFORE RAS REFRESH . CYCLE 



RAS 



'IH 



C RC 



tRP 



t RPC 



v ih — y- =r 

V IL — / \ 

t OFF r 



t CPN 



K 



C RAS 



r CSR 



t CHR 



D OUT 



VOH 



'OL 



> 



OPEN 



Note: WRITE=Don't care, A0^A8=Don't care 



1/ 



Don't care 
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HIDDEN REFRESH CYCLE (READ) 



Ao~ A 8 



WRITE 



J OUT 



V IH 
V IL 

VIH 
VlL 

VlH 
V IL 

V IH 



t RC 



\ 



■ASR 



"RAS 



: AR 



■tRCD 



J ASC 



t RAH 



ROW 
.ADD 



jT\ 



: GAH 



■tCAS 



: RAS 



=45jv_ 



-f 



-X¥ M////////////////////////////////A 




RRH 




VALID DATA 



: OPF 



> 



HIDDEN REFRESH CYCLE (WRITE) 



Don't care 



RAS 



Vtl *C 



CAS V IK 

VlL 



"ASRi 



A0~ A 8 



WRITE 



'IH 



VlL 



C RC 



r RAS 



'AR 



t RCD 



ROW 
ADD 



t RAH 



tASC 



\ 



COL 
ADD 



X RP 



tRSH 



''RAS 



\ 



j ^J\_ 



"tCRR 



-I 



■twos 



W77777h z 



C RWL 



tvirp 



^WCR 



'DS 



t DHR 



- £ - 7777m^r^ //////////////////////////////A 



'OK 



Don't care 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



r RAS 



RAS 



'IH 



'IL 



--*■ ;- - WMMMZZm^MMi 



READ CYCLE 



J OUT 



'OL 



'IH 



V IL 

WRITE CYCLE 

VOH 



J OUT 



'OL 



J IIJ 



'IL 



'IK 
'IL 



WRITE 



'IN 



'IL 



'IH 




?:- V////////////////M . 



READ-WRITE/READ-MODIFY-WRITE CYCLE 



VOH 



'IH 



w//////////////////////////?^w r/. 

1 Don't care 
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APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TMM41257AP/AT/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS) , latches the 9 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS) , subsequently 
latches the 9 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed inter- 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad- 
dress multiplexing operation is done outside of the critical path timing sequence 
for read daca access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row address Hold Time specification (tj^jj) has been satisfied and the address inputs 
have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 



a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (Din) register. 
This permits several options in the write cycle timing. In a write cycle, if the 



WRITE input is brought low (active) prior to CAS, the Din is strobed by CAS and the 
set-up and hold times are referenced to CAS. If the input data is not available at 



CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative edge 



of WRITE rather than CAS. (To illustrate this feature, Din is referenced to WRITE 
in the timing diagrams depicting the read-write and nibble mode write cycles while 
the "early write" cycle diagram shows Din referenced to CAS) . 



Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low) . Data read from the selected cell will be avialable at the output 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of tne TMM41257AP/AT/AZ is the 
high impedance (open circuit) state. This is to say, anytime CAS is at a high 
level, the Dqut P^ n will be floating. The only time the output will turn on and 
contain either a logic or logic 1 is at access time during a read cycle. DouT 
will remain valid from access time until CAS is taken back to the inactive (high 
level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. 
The first of 4 bits is accessed in the usual manner with read data coming out at 
t-CAC time. By keeping RAS low, CAS can be cycled up and then down, to read or 
write the next three pages at high data rate (faster than tcAC) • R° w an d column 
addresses need only be supplied for the first access of the cycles. From then on, 
the falling edge of CAS will activate the next bit. After four bits have been 
accessed, the next bit will be the same as the first bit accessed (wrap-around 
method) . 

-(0, 0) -(0, 1) -(1, 0) (1, 1) 



I — VU, KJ) -W» J-J — K-i-i V) — V.J., ±J 1 



Pin one (As) determines the starting point of the circular 4 bits nibble. Row As 
and column As provide the two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary fashion: 00 -»- 01 -> 10 -»■ 11 
with As row being the least significant address. 

A nibble cycle can be a read, write, or late write cycle. Any combinations 
of reads and writes or late writes will be allowed. In addition, the circular 
wrap-around will continue for as long as RAS is kept low. 

RAS" ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory 
cycle at each of the 256 row address (Ag^-A?) within each 4 millisecond time inter- 
val. Although any normal memory cycle will perform the refresh operation, this 
function is most easily accomplished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. This reduction in power 
is reflected in the Iqc3 specification. 



— A-64 — 



TMM41 257 AP/AT/AM 0, TWIM41 257 AP/AT/AM 2 
TMWI41257AP/AT/AZ-15 



CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TMM41257AP/AT/AZ offers an 
alternate refresh method. If CAS is held on low for the specified period (t^SR) 
before RAS goes to low, on chip refresh control clock generators and the refresh 
address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automat- 
ically incremented in preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TMM41257AP/AT/AZ is that refresh cycles may be 
performed while maintaining valid data at the output pin. This is referred to 
as Hidden Refresh. Hidden Refresh is performed by holding CAS at Vil and taking 
RAS high and after a specified precharge period (tRp) , executing a CAS before 
RAS refresh cycle. (see Figure below) 



RAS 



CAS 



\___A~^ r\ 



J OUT 



OPEN. 



MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 



< 



VALID DATA 



/ 



> 



This feature allows a refresh cycle to be "hidden" among data cycles 
without affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TMM41257AP/AT/AZ can be tested by CAS" 
BEFORE R~A~S" REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking 
the internal counter address as row address and the input address as column 
address. 

The test is performed after a minimum of 8 CAS before RAS cycles as ini- 
tialization cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read ''0" out and write "1" in 
each cell by performing CAS" BEFORE RAS REFRESH COUNTER TEST (READ- 
WRITE CYCLE). Repeat this operation 256 times. 

(3) Check "1" out of 256 bits at normal read mode, which was written at (2) . 

(£) Using the same column as (2) , read "1" out and write "0" in each cell 
performing CAS BEFORE RAS REFRESH COUNTER TEST. 
Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, which was written at (4). 

(6) Perform the above (T) to (5) the complement data. 
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OUTLINE DRAWINGS 
• Plastic DIP 



TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TMM41257AP/AT/AZ-15 



Unit in mm 



16 

n i— i i— i r-i 



U L_l L_i 

l 



uuu 

8 



1 9.9 MAX 




// 
// 
U 



7.62 ±0.25 






°- 25 -0j0 5 ~— j— ~T 
0-15° 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No. 16 leads. 
All dimensions are in millimeters. 
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• Plastic LCC 



1 3 Z 6 ~ 1 3.5 1 



1 2.3 7 ~ 1 2.5 2 



•i— i r— i n r-i r- 1 



H 



INDEX DOT 



1_X 



L_l L_l LJ l_l l_l 



INDEX CORNER 



: 






Unit in mm 




0.66 — 0.81 




Note: Each lead pitch is 1.27mm. All dimensions are in millimeters. 
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Plastic ZIP 



20.65MAX. 









\l 


1 


I 

1. 


J \ 

27± 


/ L 

0.2 


5 


/ L 


/ 




/ 1 

45- 


/ V 

-0.7 


u 

5 


\ 


/ L 


/ \ 


/ I 




Unit in mm 



3.05MAX. 



V 



^K 



0.2 0~ 0.3 5 



2.54TYP. 



Note: Each lead pitch is 1.27mm. All dimensions are in millimeters, 

Note: Toshiba does not assume any responsibility for use of any 

circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 



65,536 WORD X 4 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 



TMM41464P-12 
TMM41464P-15 



DESCRIPTION 

The TMM41464P is the new generation dynamic 
RAM organized 65,536 word by 4 bit, it is succes- 
sor to the industry standard TMM41 64AP. 

The TMM41 464P utilizes TOSHIBA'S N-channel/ 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating mar- 
gins, both internally and to the system user. 

Multiplexed address inputs permit the TMM 



41 464P to be packaged in a standard 1 8 pin plastic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing 
capability with high performance logic families such 
as schottky TTL. 



FEATURES 

• 65,536 words by 4 bit organization 

• Fast access Time and cycle time 



DEVICE 


tRAC 


tCAC 


tHC 


TMM41464P-12 


120ns 


60ns 


220ns 


TMM41464P-15 


150ns 


75ns 


260ns 



• Single power supply of 5V±10% with a built-in 
Vbb generator 

• Low power: 

385mW Operating (MAX.) (TMM41464-1 2) 



330mW Operating (MAX.) (TMM41 464-1 5) 
28mW Standby (MAX.) 

• Industory standard 18 pin plastic DIP 

• Output unlatched at cycle end allows two-dimen- 
sional chip selection 

• Read-M odify -Write, RA S only refresh, Hidden 
refresh, CAS before RAS refresh, and Page Mode 
capability. 

o All inputs and outputs TTL compatible 
© 256 refresh cycles/4ms 



PIN CONNECTION 



BLOCK DIAGRAM 



1/01 C 2 

1/02 C 3 

WRITKC4 

RASC 5 

A6[ 6 

A5f7 

A4C8 

V CCC9 



PIN NAMES 



18p V SS 
17] 1/04 
16 3GAS 
15 11/03 
14 ]A0 
13]A1 
12 lA2 
11 ]A3 
10] A 7 



Ao~A7 


Address Inputs 


CAS" 


Column Address Strobe 


l/0l~l/04 


Data Input/Output 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


OE 


Output Enable 


Vcc 


Power ( + 5V) 


Vss 


Ground 



A0< 
Al < 
A2 < 
A3< 
A4< 
A5( 
A6< 
A7 < 



3 



No.2 CLOCK 
GENERATOR 



COLUMN 
ADDRESS 
BUFFER (8) 



REFRESH 
CONTROLLER}-! 



K 



REFRESH 
COUNT ER(8) 



ROW 

ADDRESS 
£~NBUFFER(8) 

, t ■ 

No.l CLOCK 
GENERATOR 



1/02 1/04 
1/01 1/03 



] 1 r^ 

' ' DATA IN 



[Hi 



DATA OUT 
BUFFER 



COLUMN 
DECODER 



SENSE AMP 
I/O QATE 



SO 

o ta 



^ 



MEMORY 

ARRAY 

2 56X256X4 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING | UNITS \ NOTES 


Input and Output Voltage 


VlN, VoiJT 


-1 -7 


V I 1 


Power Supply Voltage 


Vcc ! -1~7 


V 




Operating Temperature 


Topr 


0-70 


c 




Storage Temperature 


TSTG 


-55-150 


c 




Soldering Temperature-Time 


TsOlDFR 


260-10 


C-sec 




Power Dissipation 


Pd 


600 


mW 




Short Circuit Output Current 


loiJT 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~7QC) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNITS 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2. 


Vh. 


Input Low Voltage ■ 


-1.0 


- "^ 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%. Ta = 0~70C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


Icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling : tRc = tRc MIN.) 


TMM41464P-12 


- 


70 


mA 


3,4 


TMM41464P-15 


- 


60 


ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = CAS = Vih) 


- 


5 


mA 




lcC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS" Cycling. CAS = Vm : thc-tnc MIN.) 


TMM41464P-12 


- 


60 


mA 


3 


TMM41464P-15 


- 


50 


ICC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = Vn, CAS" Cycling : tpc; = tpc MIN.) 


TMM41464P-12 


- 


60 


mA 


3,4 


TMM41464P-15 


- 


50 


IcCb 


CAS" BEFORE RAS" REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS Mode 

(RAS Cycling, CAS Before RAS : t RC = tRC MIN.) 


TMM41464P-12 


- 


60 


mA 


3 


TMM41464P-15 


- 


50 


I I 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VSViNg6.5V, All Other Pins Not Under Test 

= 0V) 


-10 


10 


^A 




loui 


OUTPUT LEAKAGE CURRENT 

(Doui is disabled, OVSVoutS +5.5V) 


-10 


10 


*A 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (loui--5mA) 


2.4 




V 




Voi 


OUTPUT LEVEL 

Output "L" Level Voltage (loui-4.2mA) 




0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%. Ta=0-70 - C) (Notes 5, 6. 7) 



SYMBOL 


PARAMETER 


TMM41464P-12 


TMM41464P-15 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


220 


- 


260 


- 


ns 




tRMW 


Read-Modify-Wnte Cycle Time 


295 


- 


355 


- 


ns 




tPC 


Page Mode Cycle Time 


120 


- 


145 


- 


ns 




tRAC 


Access Time from RAS 


- 


120 


- 


150 


ns 


8,10 


tCAC 


Access Time from CAS 


- 


60 


- 


75 


ns 


9,10 


tOFF 


Output Buffer Turn-Off Delay 





35 





40 


ns 


11 


tT 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns' 


7 


tRP 


RAS Precharge Time 


90 


- 


100 


- 


ns 




tRAS 


RAS Pulse Width 


120 


10,000 


150 


10,000 


ns 




tRSH 


RAS Hold Time 


60 


- 


75 


- 


ns 




tCSH 


CAS Hold Time 


120 


- 


150 


- 


ns 




tCAS 


CAS" Pulse Width 


60 


10,000 


75 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


25 


60 


25 


75 


ns 


13 


tCRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


ns 




tCPN 


CAS Precharge Time 


20 


- 


25 


- 


ns 




tcp 


CAS Precharge Time (for Page Mode Cycle Only) 


50 


- 


60 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 


ns 




tCAH 


Column Address Hold Time 


25 


- 


35 


- 


ns 




tAR 


Column Address Hold Time Reference to RAS 


85 


- 


110 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 


ns 




tRCH 


Read Command Hold Time Reference to CAS 





- 





- 


ns 


12 


tRRH 


Read Command Hold Time Reference to RAS 


15 


- 


20 


- 


ns 


12 


tWCH 


Write Command Hold Time 


35 


- 


45 


- 


ns 




twCR 


Write Command Hold Time Reference to RAS 


95 


- 


120 


- 


ns 




tWP 


Write Command Pulse Width 


35 


- 


45 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


35 


- 


45 


- 


ns 




tCWL 


Write Command to CAS Lead Time 


35 


- 


45 


- 


ns 




tDS 


Data-in Set-Up Time 





- 





- 


ns 


14 


tDH 


Data-in Hold Time 


35 


- 


45 


- 


ns 


14 


tDHR 


Data-in Hold Time Reference to RAS 


95 


- 


120 


- 


ns 




tREF 


Refresh Period 


- 


4 


- 


4 


ms 




twcs 


Write Command Set-Up Time 





- 





- 


ns 


15 


tCWD 


CAS to WRITE Delay 


100 


- 


120 


- 


ns 


15 


tRWD 


RAS to WRITE Delay 


160 


- 


195 


- 


ns 


15 


tOEA 


OE Access time 


- 


30 


- 


40 


ns 




tOED 


OE to Data Delay 


30 


- 


40 


- 


ns 




tOEZ 


Output Buffer Turn-Off Delay Time from OE 





30 





40 


ns 




tOEH 


OE Command Hold Time 


30 


- 


40 


- 


ns 




tROH 


RAS Hold Time Refereuco to OE 





- 





- 


ns 
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SYMBOL 



PARAMETER 



1MM41464P-12 , TMM41464P-15 



...J 



| CAS Hold Time for CAS Before RAS Refresh 
CAS Set-Up lime for CAS Before RAS Refresh 



tun. ! CAS Precharge to CAS Active Time 



CAS Precharge Time for CAS Before RAS Counter 
Test 



MIN. 
30~ 
1 6 

o~ 



MAX. 






50 



MIN. 

30 

10 



60 



MAX 



UNITS NOTES 






CAPACITANCE (V 

' SYMBOL 



I 



Cu 

"Co " 



5V+10%, f --1MHz, Ta=0~70C) 

.j PARAMETER 

i Input Capacitance (Ao~A/) 

i Input Capacitance (RAS'. CAS, WRITE", OE) 

i Input -'Output Capacitance (I '01 -h04) 



MIN. 



MAX 


UNITS 


5 


4 Pf 


7 


pF 


7 


pF 



NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

All voltages are refrenced to Vss. 

Icci, Icc3, lcr.4, leeb depend on cycle rate. 

Icci, Icc4 depend on output loading. Specified values are obtained with the output open. 

An initial pause of 200//S is required after power-up followed by any 8 CAS cycles before proper device operation 

is achieved. In case of using internal refresh counter, a minimun of 8 CAS Before RAS initialization cycles instead 

of 8 RAS cycle are required. 

AC measurements assume tT =5ns. 

ViH(min.) and Vn.(max.) are reference levels for measuring timing of input signals. Also, transition times are 

measured between Vih and Vn . 

Assumes that tRCD^tFtco (max.). If tRCD is greater than-the maximum recommended value shown in this table, tRAc 

will increase by the amount that tRCD exceeds the value shown. 

Assumes that tRco^tRco (max.). 

Measured with a load equivalent to 2 TLL loads and 100pF. 

torr (max.) defines the time at which trie output achieves the open circuit condition and is not referenced to output 

voltage levels. 

Either tRcn or tnRH must be satisfied for a read cycle. 
1 3. Operation within the tpco (max.) limit insures that tRAc (max.) can be met. 

tRco (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access 

time is controlled exclusively by tcAc. 



10. 
11 . 

12. 



14. 



15. 



These paramenters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write 
or read -modify-write cycles. 

twes, tcwD and tRwo are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twes^twes (min.), the cycle is an early write cycle and the input/output pin will remain open 
circuits (high impedance) throughout the entire cycle; If tcwo^tcwo (min.) and tRWD^tRwo(min.), the cycle is a read 
-write cycle or read-modify-write cycle and the data out will contain data read from the selected cell. 
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READ CYCLE 



RA8 



'IH- 

'IL- 



\ 



V IH- 
VlL- 



■tORP 



t ASR 



WRITE 



OE" 



I/O 1—1/04 



vih-7 

VlL- 

VlH- 
VlL— 

Vth— 



tRC 



t RAS 



t AR 



tCSH 



"ROD 



t RAH t ASC 



ROW 

.ADDRESS 



:m: 



TV 



: CAH 



COLUMN 
ADDRESS 



,r 



t GAS 



zL 



C RP 



\ 



J 



^CPN 



W/////////////////////MM 

i' J i^RGH 
__ 



^ t ROH 



i:z w/////////////////m . 



x OkO 



t RAG 



OPEN 



W//////////M 



I^OFF 



c OEZ 



c 



VALID DATA-OUT 



> 



o WRITE CYCLE (EARLY WRITE) 



jy/^ Don' t Care 



'IH- 
r IL- 



'IH- 



\ 



VlL— - 



r 



t ASR 



tRC 



"tRAS 



t AR 



t CSH 



£ RCD 



ROW 
ADERE3S 



t RAH 



D: 



t ASC 



t CAH 



COLUMN 
ADDRESS 



f 



tRSH 



tCAS 



ZL 



X RP 



\ 



7 



t CPN 



V 



t wcs 



WRITE 



VlH— 7 



'IL- 



tWCR 



_ v ih— T 



t CWL 



%CH 



*WP 



i 



z 



-RWL 



tDS 



I/O 1~ I/O 4 



'IH- 



'IL- 



t DHR 



,. t DH , 



i\ 



VALID DATA-IN 



> 



OPEN 



\//\ Don' t Care 
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• WRITE CYCLE (OE CONTROLLED WRITE) 



tRC 




1/01—1/04 



} — gMM O^rx 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 



raS" 



CAS 



VlH 
VlL 



Vffl - 

VlL -- 



\ * 



tCRP 



L ASR 



A0~A7 



tRMW 



LBAS_ 



tt. - ///) fA DDRE S s] X:/)( 



'Q 



iCAtL 



COLUMN 
ADDRESS 



^CSH 



tRSH 



^Ai 



Don't Care 



L RP , 



\ 



t-CPN 



V 




1/01—1/04 



Vl/OH 
Vl/OL — 



D'-n ' t Carf 



(VALID A_/V VAloED V7 

DATA-QUi r^A . DATA-IN Jf \ / 



77/,, 
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PAGE MODE READ CYCLE 



IH 



'IH 



\==! 



tCRP 



AS / 



-ASR 



t RCD 



t RAH tASG 



\fc 



tCSH 



£AH_ 



WRITE // 



tRSH 



/ 



^CP 



tASC 



^CS ^RCH . . I t RCS | I t RCS 



Si 7= V ^ t GAS m i ,C *'*~'V _ tCAS . , I / 



t GAH 



G CAH 



&OEA 



*\1- JIMIIIIIHIIIIK . 



I/O 1-1/0 4 



'OH 



i^m 



-*> 



I t c RF 



I t GAC > 



C RP 



7 r 



_ t ROH , 



tRRH 



^K 



jfoFF 
tQEZ 



C VALID t /"VALID "\-Cl T VALID X 

DATA-OUT - C 3 .DATA-OUT-, L .J L DATA-OUT ./ 



x ChC 



t GPN 



VK 



t RCH 



"W 



L^OJFF 
., t OEZ M 



o PAGE MODE WRITE CYCLE 



Don t Care 



I/t> 1-1/0 4 



'IL 



wm^TtMftx^mfi 
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RAS ONLY REFRESH CYCLE 



t hC 



X 



7 



l KAi 



7 \ 



L HPC 



V7 



tAiJR 



tRAH 






Notes: WRITE, OE=Don't Care 



Dor, L ';;:! 



CAS BEFORE RAS REFRESH CYCLE 



tRP 



VlL — - 



'IL 



1/01-1/04 



tRPC 



C CPN 






V 



> 



tRC 



klHK 



/ 



'- hi- 



V 



Note: WRITE, OE, A0^A7=Don't Care 
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• HIDDEN REFRESH CYCLE 



Vih 

RA3 



'IL 



IL- 



^ASR 



l RAS 



; RGD 



t A SC \j: 



-KAH 



HOW 
ADD 



COLUMN 
ADDRESS 



WRITE 



VlH — T, 



l RSH 



L RP 



\ 



L RC 



L CHR 



Kf 



RRH 



l O VA 



I/01—I/04 



VlH" 
VlL' 



Vnw — 



Vol 



W//////////A . 



. L CAC . 



r- 



( 



$ 



tcPN 



^C 



/ 



i_ 

tQKZ 



VALID DATA-OUT 



tOFF 



} 



Don 1 t Cart) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RA£ 



'IH 



'IL 



IH 



t CSK 



\ 



\ 



t RAS 



m. 



t nHR . , 



t CPT 



r~\ 



7/ 



tASC 



c flSH 



U2AS- 



C CAH 



z 



7 C 



wM7ur^rf//w/////////////////// / 



READ CYCLE 



tRCS 



v ih - ~r 

V IL - ^ 
V, 



» ::::m 



t ROH 



M3 



feCH 



'OH 



I/O 1—1/04 



OPEN 



Vol - 
WRITE CYCLE 



t wcs 



WRITE 



::: ~m 



I/O 1-1/0 4 



V 

VlH 
VlL 
VlH 



M 



c 



EBiJi 



J-QEZ 



valid data-out 



t WCH I 



£ 



i i 



OPEN 



tDSl 



'DH 



< VALID DATA-IN V 



READ-WRITE/READ-MOD IFY-WRITE CYCLE 



tROS 



IH - T, 



WRITE 



IL - 



^ 



t-CWD 



\J 



tQEA 



VlH - / 



OE 



I/O 1—1/04 



VlL - 

v I/OH - 
'i/OL — 



^ 



Ml 



tQEZ 



t-DS 



y \_7? va lip \ 



tCWL 



l RWL 



-WP 



tDH 



Don t Care 



VALID DATA-OUT 



W 



> 



2 
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APPLICATION INFORMATION 

ADDRESSING 

The 1 6 address bits required to decode 1 of the 
65,536 cell locations within the TMM41464P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS ), 
latches the 8 row address bits into the chi p. T he 
second clock, the Column Address Strobe (CAS) , 
subsequently latches the 8 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed signal derived from the R AS c lock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAtn) has been satisfied and the 
address inputs have been changed from Row 
address to Column address information. 



Data Inputs 

Data is written during write or read-modify-write 

cycle. 

The falling edge of CAS or WRITE strobes data into 

the on-chip data latch es. 

In an early-write cycle, WRITE is broug ht low prior to 

CAS and the data is strobed in by CAS with setup and 

hold times referenced to thi s sign al. In delayed write 

or read-modify-write cycle, CAS w ill alrea dy be low, 

thus the data will be strobed in by WRITE with setup 

and hold time referenced to this signal. 

In delayed or read-modify-write, OE must be high to 

bring the output buffers to high impedance prior to 

impressing data on the I/O lines. 



Data outputs 

The three-state output buffers provide direct "in- 
compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-i n. Th e 
outputs are in the high-impedance state until CAS is 
brought low. In a read cycle the outputs go active 
after the access time interval tRAC and toEA are satis- 
fied. 

The outputs become valid after the access time 
has elapsed and remain valid while CAS and OE are 



low. CAS or OE going high returns it to a high 
impedance state. In an early-write cycle, the outputs 
are always in the high-impedance state. In a delayed 
-write or read-modify-write cycle, the outputs will 
follow the sequence for the read cycle. 

The OE controls the impedance of the output 
buffers. In the logic high position the buffers will 
remain in a h igh impedance state 

When the OE input is brought to a log ic low level , 
the output buffers are enabled . Both CAS and OE can 
contro l the outputs. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the 
high impedance state. 



RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom- 
plished by performing a memory cycle at each of the 
256 row address (A0-A7) within each 4 millisecond 
time interval. Although any normal memory cycle will 
perform the refresh operati on, th is function is most 
easily accomplished with "RAS-only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the Icc3 specification. 



CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM 41464P offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes 
place. 

After the refresh operation is performed, the refresh 
address counter is auto matic ally inc reme nted in 
preparation for the next CAS before RAS refresh 
operation . 

PAGE MODE 

The "Page-Mode" feature of the TMM41464P 
allows for successive memory operations at multiple 
column locations of the same row address with in- 
creased speed without an increase in power. This is 
done by strobin g the row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address 
is common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative 
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going edge of RAS. Also, the time required for 
strobing in a new address is eliminated, thereby 
decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TMM41464P is that 



refresh cycle may be performed while maintaining 
valid data at the output pin. This is referred to as 
Hidden Refre sh. Hidden Refresh is performed by 
holding CAS at Vil and taking RAS high and af ter a 
specified__precharge period (tRp), executing a CAS 
before RAS refresh cycle, (see Figure below) 



l.A ■■! — \A > 4 



MEM'JKY CYCLE 



< 



KEFKE3H CYCLE 



VALID DATA-t'UT 



REFRESH CYCLE 



> 



This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data availa- 
bility. 



CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refres h o peration of TMM4.1464P 
can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE 
operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(T) Write "0" into all the memory cells at normal write 

mode. 
© Select one certain column address and read "0" 

out and write "1" in each cell by performing CAS 



BEFORE RAS REFRESH COUNTER TEST (READ- 
WRITE CYCLE). 
Repeat this operation 256 times. 

(3) Check "1" out of 256 bits at normal read mode, 
which was written at (2) . 

:4j Using the same column as (2) , read "1 " out and 
write "0" in each cell performing CAS BEFORE 
RAS REFRESH COUNTER TEST. Repeat this 
operation 256 times. 

(5) Check"0" out of 256 bits at normal read mode, 
which was written at (4) . 

(6) Perform the above © to © to the complement 
data. 
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Unit in mm 



1 




2li.tiMAX. 
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^.54±0.iJ5 
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IJ . 












0.t> ±0.1 6 


















NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. Alldimensions are in millimeters. 
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Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



1,048,576 WORDS X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 



DESCRIPTION 



TC511000P/J/Z-85, TC5110Q0P/J/Z-10 
TC511000P/J/Z-12 



The TC511000P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1 bit. 
The TC511000P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as ad- 
vanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC511000P/J/Z to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such 
as Schottky TTL. "Test Mode" function is implemented from Revision C. 

FEATURES 



1,048,576 words by 1 bit organization 
Fast access time and cycle time 





TC511000P/J/Z-85-10-12 


tRAC 


RAS" Access Time 


85ns 100ns 120ns 


C AA 


Column Address 
Access Time 


45ns 50ns 60ns 


C CAC 


CAS Access Time 


25ns 25ns 30ns 


C RC 


Cycle Time 


165ns 190ns 220ns 


C PC 


Fast Page Mode 
Cycle Time 


50ns 55ns 70ns 



Single power supply of 5V±10% with a built- 
in V33 generator 



PIN CONNECTION (TOP VIEW) 



• Low Power 

335mW MAX. Operating (TC511000P/J/Z-85) 
330mW MAX. Operating (TC511000P/J/Z-10) 
275mW MAX. Operating (TC511000P/J/Z-12) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Common 1/0 capability using "EARLY WRITE" 

operation 

• Read-Modify-Write, CAS before RAS refre^i-,. 

RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC511000P 

Plastic SOJ: TC511000J 
Plastic ZIP: TC511000Z 



Plastic DIP 



Plastic SOJ 



Din t 

WRITE" t 
Ha3"[ 

TF 
AO 
Al [ 
A3 C 
A3 C 

VgcC 



] 7 SS P™ 

] Dqqt wh it a 
]Ca3" Ha? 



*P- 



] A9 
] A8 
JA7 
] AS 
A3 
A4 



TF 
N.C.[ 

AO [ 
Al C 
A2 £ 
A3 £ 

v cct 



PIN NAMES 



'Jv S8 

J DqUT 

jess 

IN.C. 
]A9 

1 A8 
] A7 
] A6 
J A5 
] A4 



A0 ^ A9 


Address Inputs 


RAS 


Row Address Strobe 


din 


Data In 


DOUT 


Data Out 


CAS 


Column Address Strobe 


WRITE 


Read/Write Input 


v C c 


Power (+5V) 


vss 


Ground 


TF 


Test Function 


N.C. 


No Connection 



Plastic ZIP 



A9 


n P . 


D OUT 


r^.: 


VlH 


31 1 — 


RAS 


7 ! ,-•- 




■ ■-> • a 




"-T LT. 


N.C. 


9 • 










AO 


^pi" 


A2 


^ 


"cc 


is! s«- 




A5 


17! r'-' 




--1 a?. 


A7 


191 r — 

- go 



CAS" 

wrTtI 

T? 



BLOCK DIAGRAM 



WRITE ' 
CA3"< 



A5 

A6 



ia> 



No. 2 CLOCK 
OEM ERATOR 



COLUMN 

ADDRESS 

BUFFERS(lO) 



REFRESH 
CONTROLLER 



REFRESH 
C0UUTER(9) 



32. 



HROW 
Q-+\ ADDRESS 



-f BUFFERS(lO) 



Has 1 



No. 1 clock 

GENERATOR 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



COLUMN 

DECODER 



din 



DOUT 



SENSE AMP. 
l/Q OATINO 



MEMORY 

ARRAY 



SUBSTRATE BIAS 
OENERATOR 



»V C C 
'V SS 
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TC51 1 000P/J/Z-85, TC51 1 0OOP/J/Z-1 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


FATING 


UNITS 


NOTES 


Input Voltage 


VIN 


-1^7 


V 


1 


Test Function Input Voltage 


VIN(TF) 


-1 *> 10.5 


V 


1 


Output Voltage 


VnrTT 


-1^7 


V 


1 


Power Supply Voltage 


vcc 


-1 «v, 7 


V 


1 


Operating Temperature 


TOPR 


^ 70 


°C 


1 


Storage Temperature 


TSTG 


-55 ^ 150 


°C 


1 


Soldering Temperature • Time 


TS OLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


lOUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VIH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VIL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 


VlH(TF) 


Test Enable Input High Voltage 


VCC+4 . 5 


- 


10.5 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC =t RC MIN.) 


TC511COOP/J/Z-35 


- 


70 


mA 


3,4 


TCSIIOOOP/J/Z-IO 


- 


60 


TC511000P/V2-12 


_ 


50 




ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=Vik) 


- 


2 


mA 




ICC3 


RAS" ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS"=Vih: t RC =t RC MIN.) 


TC511000P/J/Z-S5 


- 


70 


mA 


3 


TC511000P/J/Z-10 


- 


60 


TC511000P/VZ-12 


- 


50 


X CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=Vil, CAS, Address Cycling: tpc=tp C MIN.) 


TC511000P/J/Z-85 


- 


50 


mA 


3,4 


TC511000P/VZ-10 


- 


40 


T C511000P/J/Z- 12 


- 


30 


*CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=VCC-0.2V) 


- 


1 


mA 




X CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t R c=t RC MIN.) 


TC511000P/J/Z-35 


- 


70 


mA 


3 


TC 511000P/J/Z-10 


- 


60 


T C511000P/VZ- 12 


- 


50 


r I(L) 


INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (0V < Vjjj 1 6. 5V, All Other 

Pins Not Under Test=0V) 


-10 


10 


PA 




I ITF(L) 


INPUT LEAKAGE CURRENT (only TF) 

(0V£Vijj(TF) ^O.SV, All Other Pins Not Under Test=0V) 


-10 


10 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(DouT is disabled, OV £ VoUT S 5. 5V) 


-10 


10 


U-A 




Itf 


TEST FUNCTION INPUT CURRENT 
(V cc +4.5VlVi N (TF) 210.5V) 


- 


1 


mA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (IoUT=- 5m A) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IouT = 4-2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS ANO RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0^70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC511000P/J/Z-S5 


TC511000P/VZ-10 


T C511000P/J/Z-I2 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


CRC 


Random Read or Write Cycle Time 


165 


- 


190 


- 


220 


- 


ns 




C RWC 


Read-Write Cycle Time 


190 


- 


220 


- 


255 


- 


ns 




C PC 


Fast Page Mode Cycle Time 


50 


- 


55 


- 


70 


- 


ns 




C PRWC 


Fast Page Mode Read-Write Cycle 
Time 


75 


- 


85 


- 


105 


- 


ns 




C RAC 


Access Time from RAS 


- 


85 


- 


100 


- 


120 


ns 


8,13 


C CAC 


Access Time from CAS 


- 


25 


- 


25 


- 


30 


ns 


8,13 


C AA 


Access Time from Column Address 


- ' 


45 


- 


50 


- 


60 


ns 


8,14 


t CPA 


Access Time from CAS Precharge 


- 


45 


- 


50 


- 


65 


ns 


8 


C CLZ 


CAS to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


8 


c OFF 


Output Buffer Turn-off Delay 





30 





30 





35 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


70 


- 


80 


- 


90 


- 


ns 




t RAS 


RAS Pulse Width 


85 


10,000 


100 


10,000 


120 


10,000 


ns 




t RASP 


RAS Pulse Width (Fast Page Mode) 


85 


100,000 


100 


100,000 


120 


100,000 


ns 




t RSH 


RAS Hold Time 


25 


- 


25 


- 


30 


- 


ns 




C CSH 


CAS" Hold Time 


85 


- 


100 


- 


120 


- 


ns 




tCAS 


CAS Pulse Width 


25 


10,000 


25 


10,000 


30 


10,000 


ns 




C RCD 


RAS to CAS" Delay Time 


25 


60 


25 


75 


25 


90 


ns 


13 


C RAD 


RAS to Column Address Delay 
Time 


20 


40 


20 


50 


20. 


60 


ns 


14 


C CRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




t C? 


CAS Precharge Time (Fast Page 
Mode) 


10 


- 


10 


- 


15 


- 


ns 


• 


C ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




C RAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




C ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


20 


- 


20 


- 


25 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 




t RAL 


Column Address to RAS Lead Time 


45 


- 


50 


- 


60 


- 


ns 




C RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




C RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 


C RRH 


Read Command Hold Time 
referenced to RAS 





- 










- 


ns 


10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


TC511000P/VZ-85 


T CS11000P/J/Z-10 


T C511000P/VZ-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WCH 


Write Command Hold .Time 


20 


- 


20 


- 


25 


- 


ns 




C WCR 


Write Command Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 




t WP 


Write Command Pulse Width 


20 


- 


20 


- 


25 


- 


ns 




C RWL 


Write Command to RAS Lead 
Time 


20 


- 


25 


- 


30 


- 


ns 




C CWL 


Write Command to CAS Lead 
Time 


20 


- 


25 


- 


30 


- 


ns 




C DS 


Data Set-Up Time 





- 





- 





. - 


ns 


11 


tDH 


Data Hold Time 


20 


- 


20 


- 


25 


- 


ns 


11 


C DHR 


Data Hold Time referenced 
to RAS 


65 


- 


75 


- 


90 


- 


ns 




C REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




C WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


C CWD 




25 


- 


25 


- 


30 


- 


ns 




CAS to WRITE Delay Time 


12 


C RWD 


RAS to WRITE Delay Time 


85 


- 


100 


- 


120 


- 


ns 


12 


C AWD 


Column Address to WRITE 
Delay Time 


45 


- 


50 


- 


60 


- 


ns 


12 


C CSR 


CAS Set-Up Time (CAS before' 
RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




C CHR 


CAS Hold Time (CAS before 
RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




C RPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




C CPT 


CAS Precharge Time (CAS be- 
fore RAS Counter Test Cycle) 


50 


- 


50 


- 


60 


- 


ns 




t CPN 


CAS Precharge Time 


15 


- 


15 


- 


20 


- 


ns 




C TES 


Test Mode Enable Set-Up Time 
referenced to RAS 





- 





- 





- 


ns 




C TEH 


Test Mode Enable Hold Time 
referenced to RAS 





- 





- '■■ 





- 


ns 
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CAPACITANCE (Vcc=5V±10%, f-lMHz, Ta-0 -WO°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


cn 


Input Capacitance (A0^A9, Din) 


- 


5 


pF 


CM 


Input Capacitance (RAS, CAS, WRITE, TF) 


- 


7 


CO 


Output Capacitance (Dqtjt) 


- 


7 



NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All Voltages are referenced to Vgg. 

3« I CC1» ^Ca* !CC4» !CC6 depend on cycle rate. 

4* *CC1» ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t>j;=5ns. 

7. Vnj(min.) and VjLdnax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and V^- 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^Qjj or tj^jj must be satisfied for a read cycle. 

11. Th ese par ameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. tWCS> C RWD> C CWD anc * ^AWD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If t^cs ^ C WCS 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If tRwjj i t^^)(min.), 

C CWD = t CWD^ m: '- n '^ anc * C AWD = c AWD ^ m * n * ^ » C ^ e cvc l e * s a read-write cycle and 
data out will contain data read from the selected cell: If neither of the 
above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

13. Operation within the tRcr)(max.) limit insures that t^^(max.) can be met. 
t RCDC max ') is specified as a reference point only: If t^cD is greater than the 
specified tRcr)(max.) limit, then access time is controlled by t^o 

14. Operation within the tR^TjOnax.) limit insures that tj^Onax.) can be met. 
tR^Ejdnax.) is specified as a reference point only: If t$jj) is greater then the 
specified t£AD(max.) limit, then access time is controlled by t^. 
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TIMING WAVEFORMS 
READ CYCLE 



v IH 

HAS 

V IL 



t 



C CRP 






C ASR , 



CRC 



C RAS 



C CSH 



t RCD 



a r~y c cas / 



"AR 



C RAD 



tRAH 



A0~A9 



'IH 



ROW 



WRITE 



Z-M 



D OUT 



y OH — 



v L 



'ASC 



C RSH 



'RP 



C RAL 



C CAH 



COLUMN 



C CRP 



\ 



WMSl 



tRCS 



w 



C RAC 



C CAC 



'CLZ 



OPEN 



SRCH 



tRRH 



tQFP 



VALID DATA 



> 



A 



m- 



" H " o r " L " 



NOTE: "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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WRITE CYCLE (EARLY WRITE) 



RAS 



VlH 



r IL — 



\ 



-CRP 



CAS 



VlH * 



VlL 



C ASR I 



A0~A9 



V IH —7 



WRITS 



VlL 



f IH 



VlL 



ZWul 



*RC 



CRP 



-RAS 



C RCD 



C ?.SH 



C CSH 



C AR 



C RAD 



\t= 



t RAH 



■7/ 



D IN 



D OUT 



VlH-// 



VlL 



VOH 



r OL 




C RAL 



C CAH 



COLUMN 



C WCS 



C WCR 



-DS 



c c?rL 



CWCH I 



C WP 



C RWL 



CDH 



y/////////////////r^^y // 



CDHR 



OP2N 



\ 



| C CRP 



7 



W/////////// 



^ = 



" H " o r " L " 



NOTE: "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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READ-WRITE CYCLE 



RAS 



VlH — " 
VlL — 



"S| 



VlH — 




'ASR 



C RWC 



C RAS 



C RP 



C RCD 



C AR 



^ 



C RAD 



t EAH I C ASC 



A0-A9 



VlH —7 



ROW 




t RSH 



-CAS 



C CSH 



C RAL 



C GAH 



C RWD 



WRIT 



<™ y////////////////, 



±- 



COLUMN 



C RWL 



£Z_7 



t CWL 



t CRP 



\ 



W/////////////W////////M 



C AWD 



tCWD 



-RCS 



-DS 



Din 



Vih —7; 
VlL 



:m 



D OUT 



V H — 

Vol — 



C RAC 



OPEN 



Hclz 



1 r 



C WP 



t DH 



I P" JgMi 



"CAC 



M 



c OFF 



VALID DATA 



> 



P^ 



^ 



:"H"or' l L" 



NOTE: "TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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FAST PAGE MODE READ CYCLE 



HAS 



VlL — 



= \h 



c CRPi 



'IH 



'IL 



"ASR 



-;;;:^z 



'RASP 



1/" 



C CSH 



C RCD 



'AR 



C CAS 



C PC 



xu^o^ 



C RAH, C ASC 



ROW 




WRITE 



VlH — 



D OUT 



V H — 

Vol — 



C RAD 



C RCS 



tCAH 



C GP 



C ASC 



COL 




-RCH 



C CAH 



C CP 



C ASC 



COL 




CRCS C RCH 



C AA 



t CAC 



C RAC 



U AA 



C CLZ 



VALID 
DATA 



OFF 



> 



C HSH 



fCASi j= 



C RAL 



'RP 



'CAK 



:ol 



W///////////M 



C RCS 



-CPA 



fALI 
)ATA 



tCLZFOF' 



C RRH 



C RCH 



'CAC 



WM 



VALID 
DATA 



\ 



C CLZ 



tQFF 



m-- 



" H " o r " L " 



NOTE: "TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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TC51 1000P/J/Z-85, TC51 1000P/J/Z-10 
TC511000P/J/Z-12 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




D OUT 



y OH 



OPSil 



'OL 



m ■■ •* 



H" or"L" 



NOTE: "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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FAST PAGE MODE READ-WRITE CYCLE 



TC51 1 000P/J/Z-85, TC51 1 000P/J/Z-1 
TC511000P/J/Z-12 



RAS 



VlH — ' 
VlL — 



\ 



C CRP 



CAS 



A0-A9 



VlH — 



V IH — 



r IL 




C ASR 



C RASP 



^CSH 



'RCD 



^ 



C RAH t ASC 



ROW 




C RAD 



'RCS 



'CAS 



C CAH 



C CP 



t ASC 



COLUMN 




l c CWD 



C ATO 



^ZZWMMW 



C CWL 



C RWD 



-DS 



XJ 



fcftp 



CDH 



din 



'ih 



'IL 



VALID 
DATA 



C PRWC 



V^v 



C CAH 



C CP 



C ASC 



COLUMN 



C CWD 



C D£ 



C OTL 






%p 



tDH 



C RSH 



==^f 



C RAL 



'CAM, 



COLUMN 



CcWDi , Fcwi 



r AWD 



C RWL 



C DS, 



\y 



C WP 



* DH 



D OUT 



v OH 

Vol 



C RAC 



t AA 



C CLZ 



tCAC 



/ALID| 
IA_ 

: CLZ 



'CPA 



HO— * 



VALID 



■CAC 




IVALID^ 
J DATA 

^CLZ 



t-AA 



'CPA 



t CAC 



l7d~\. 



VALID 
DA 



c OFP 



CQpp 



C RP 



VALID 

DATA 



> 



CO?? 



'//\ : "H"or"L" 



NOTE: "TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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TC51 1 000P/J/Z-85, TC51 1 0OOP/J/Z-1 
TC511000P/J/Z-12 



RAS ONLY REFRESH CYCLE 



RAS 

VlL — 



X 



tCRP 



CAS 



VlH 



'IL 



-ASR 



C RAH 



A0~A8 



v IH — ■ 



VlL 



ZWK^JMM 



-RC 



"RAS 



¥ 



C RP 



C RPC 



XJ 



D OUT 



V H 

v L 



OPEN 



A • 



"H" or"L" 



NOTE: WRITE="H" or "L", A9="H" or "L" 

"TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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TG51 1000P/J/Z-85, TC51 1000P/J/Z-10 
TC511000P/J/Z-12 



CAg BEFORE RAS" REFRESH CYCLE 



Vih — 

RAS 

VlL — ■ 



/ X 



-RPC 



Vih — A 

CAS / 

VlL — f 



C CPN 



^CSR 



-RC 



C CHR 



/ 



c OFPi 



'OUT 



VOH — " 

Vol — . 



OPEN 



C RP 



^/^ : "H"or"L" 



NOTE: WRITE="H" or "L", A0^A9="H" or "L" 

"TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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TC51 1 000P/J/Z-85, TC51 1 0OOP/J/Z-1 
TC511000P/J/Z-12 



HIDDEN REFRESH CYCLE (READ) 



RAS 



A0~A9 



WRIT 



D OUT 




- ::: -jmemm 



vol 



m 



" H " o r " L " 



NOTE: "TF" pin should be connected to Vil level or open, if 
"Test Mode" is not used. 
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TC51 1 000P/J/Z-85, TC51 1 0OOP/J/Z-1 
TC511000P/J/Z-12 



HIDDEN REFRESH CYCLE (WRITE) 



Vih — • 



RAS 



r IL 



\ 



C CRF 



CAST 



Vih — " 



<n 



C ASR 






A0~A9 



WRITS 



VlL 



VlH 



'IL 



D IN 



D OUT 



VIH ~J t 



VOH 



^ol — 



C RC 



'RAS 



C RCD 



-Afl 



C RAD 



C RAH C ASC 



ROW 



C RSH 



■RAL 



C CAH 



C RP 



f~\ 



C RAS 



if 



C CHR 



f 



yM^yWMMMMMMMM: 




OPEN 



m 



" H " o r " L " 



NOTE: "TF" pin should be connected to V"il level or open, if "Test 
Mode" is not used. 
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TC51 1000P/J/Z-85, TC51 1000P/J/Z-10 
TC511000P/J/Z-12 

CAS BEFORE RAS" REFRESH COUNTER TEST CYCLE 




NOTE: "TF" pin should be connected V IL level or open, if "Test Mode" 
is not used. 
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TC51 1 000P/J/Z-85, TC51 1 0OOP/J/Z-1 
TC511000P/J/Z-12 



DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC51 1000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 



Block Diagram in Test Mode 



An, Am 



An, Am 




TF Pin = Super voltage; Test Mode 
TF Pin = Low level or Hi-Z; Normal 



Truth Table in Test mode Function 



A B C D 


DOUT 

















1 


1 


1 


1 


1 


otherwise 


Hi-Z 



Fig. 1 
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TC51 1 000P/J/Z-85, TC51 1 0OOP/J/Z-1 
TC511000P/J/Z-12 



DESCRIPTION OF THE TEST MODE FOR 1M DRAMS (CONTINUED) 

The "Test Mode" function is enabled by applying a "Super Voltage" (VCC+4.5V, max. voltage=10.5V) on the "TF" 
pin for a specified period (tTES and tTEH as shown in figure 2). It can be used while operating in any mode, 
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time 
for N 2 patterns. The A9 address input is ignored during the "Test Mode". 

During normal operation or when the "Test Mode" function is not used, the "TF' pin must be connected to VSS or 
TTL Logic Low Level, or left unconnected on the printed wiring board. 




Fig. 2 Test Mode Cycle 
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TC51 1000P/J/Z-85, TC51 1000P/J/Z-10 
TC511000P/J/Z-12 



Plastic DIP 



18 17 16 15 14 13 12 11 10 



R1.0 



123 45 6789 



Unit in mm 



2 2.8WAX. 




7.6 2±0.2 5 



0r-i5 e 



>0.1 
0.2 5-0.0 5 \ 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No. 18 leads. 
All dimensions are in millimeters. 
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TC51 1 OOOP/J/Z-85, TC51 1 0OOP/J/Z-1 
TC511000P/J/Z-12 



Plastic SOJ 



17.02 ~ 17.27 



£ 




<f 



1 3 5 ' 3 11 13 15 17 19 



12 li 16 18 20 



^K 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 



1 ,048,576 WORDS X 1 BIT DYNAMIC RAM 

SILICON GATE CMOS 

DESCRIPTION 



TC51 1001 P/J/Z-85, TC51 1001 P/J/Z-10 
TC511001P/J/M2 



The TC511001P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TC511001P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC511001P/J/Z to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such 
as Schottky TTL. The special feature of TC511001P/J/Z is nibble mode, allowing the user 
to serially access 4 bits of data at a high data rate. "Test Mode" function is imple- 
mented from Revision C. 



FEATURES 

• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 





TC511001P/J/Z-85-10-12 


C RAC RAS Access Time 


85ns 100ns 120ns 


tAA Column Address 
Access Time 


45ns 50ns 60ns 


C CAC CAS Access Time 


30ns 35ns 40ns 


C RC Cycle Time 


165ns 190ns 220ns 


tnr-Ar NiDDle Mode 
" LAL Access Time 


20ns 20ns 25ns 


t Nibble Mode 
NC Cycle Time 


40ns 40ns 50ns 



Single power supply of 5V±10% with a built-in 
Vqq generator 



PIN CONNECTION (TOP VIEW) 



Plastic DIP 



DmCi 



WRITE [ 
RAS 
T?C 
AO £ 
Al[ 
A2 
A3C 

v CC C 



J V SS 

]CAS 
]A9 
JA8 
]A7 

AS 

A3 
0A4 



Plastic SOJ 

rfovc 



Plastic ZIP 



P3 25 

3 24 



"IN 
TOITB 
RAS C 

TF[J4 
H.C. [ 5 



A3 C 



lCAS" 
JN.C. 
]A9 

1A8 
)A7 
1A8 
IAS 

]A4 



D OUT 

din 

RAS" 

N.C. 

AO 

A2 

V C C 



PIN NAMES 



A0 ^A9 


Address Inputs 


CAS" 


Column Address Strobe 


din 


Data In 


DOUT 


Data Out 


RAS" 


Row Address Strobe 


WRITE 


Read/Write Input 


vcc 


Power (+5V) 


vss 


Ground 


TF 


Test Function 


N.C. 


No Connection 






Ki5?J 

15.! r-A 



17! r - 

"1 &§, 

A7 19| r— 



CA3" 

v S s 

WRITS 

TP 

Al 
A3 



Low Power: 
385mW MAX. Operating (TC511001P/J/Z-S5) 
330mW MAX. Operating (TC511001P/J/Z-10) 
275mW MAX. Operating (TC511001P/J/Z-12) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows 
two-dimensional chip selection 

Common I/O capability using "EARLY 
WRITE" operation 

Read-Modify-Write, CAS before RAS re- 
fresh, RAS-only refresh, Hidden refresh 
Nibble Mode and Test Mode capability 

All inputs and output TTL compatible 

512 refresh cycles/8ms 

Package Plastic DIP: TC511001P 
Plastic SOJ: TC511001J 
Plastic ZIP: TC511001Z 

BLOCK DIAGRAM 



WRITS C- 




A8< 
A9C 



■•G 

"\ ROW 
1 — ^ ADDRESS 
To"^ BUFFERS (10) 



No.l CLOCK 
OENERATOR 



a 



SUBSTRATE 

BIAS 

QENERATOR 
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TC51 1 001 P/J/Z-85, TC51 1 001 P/J/Z-1 
TC511001P/J/Z-12 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VIN 


-1^7 


V 


1 


Test Mode Input Voltage 


VIN(TF) 


-1 ^10.5 


V 


1 


Output Temperature 


VOUT 


-1 <W 


V 


1 


Power Supply Voltage 


vcc 


-1^7 


V 


1 


Operating Temperature 


TOPR 


^70 


°C 


1 


Storage Temperature 


T STG 


-55 ^150 


°C 


1 


Soldering Temperature • Time 


TsOLDER 


260 • 10 


°C«sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


lOUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0 


W0°C) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VIH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VIL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 


VlH(TF) 


Test Enable Input High Voltage 


Vcc+4 • 5 


- 


10.5 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5±10%, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS", CAS", Address Cycling: tRn=tRC MIN.) 


TC511001B<r/2-85 


- 


70 


mA 




TC511£l01B<r/2-10 


- 


60 


mA 


3,4 , 


TC511001E<r/2-12 


- 


50 


mA 




I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RA3=CAS"=V T h) 


- 


2 


mA 


3 


I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=Vjw: tRC=tRC MIN.) 


TC51100LB<r/2-85 


- 


70 


mA 


3 


TC 51100 lB<r/Z -10 


- 


60 


mA 


TC51100IB^r/2-12 


- 


50 


mA 


I CC4 


NIBBLE MODE CURRENT 

Average Power SuddIv Current, Nibble Mode 

(RAS=VIL» CAS Cycling: t N c=t NC MIN.) 


TC511001PXT/Z-85 


- 


50 


mA 


3,4 


TC 51100 lB<T/2-10 


- 


40 


mA 


TC511001PXT/2-12 


- 


30 


mA 


X CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS"=Vcc-0 . 2V) 


- 


1 


mA 




X CC6 


CAS BEFORE RAS REFERSH CURRENT 

Average Power Supply Current, CAS Before 

RAS" Mode (RAS, CAS Cvcling: c RC =t RC MIN.) 


TC511001ET/Z-85 


- 


70 


mA 


3 


TC 51100 lE^T/2-10 


- 


60 


mA 


TC511001B<r/2-12 


- 


50 


mA 


I KD 


INPUT LEAKAGE CURRENT (any input except TF) 
Input Leakage Current, any input (0V<ViNg6. 5V, 
All Other Pins Not Under Test=0V) 


-10 


10 


MA 




IlTF(L) 


INPUT LEAKAGE CURRENT- (only TF) 

(OVgViN(TF) S0.8V, All Other Pins Not Under Test = 0V) 


-10 


10 


UA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V £ Vqut = +5.5V) 


-10 


10 


UA 




I TF 


TEST FUNCTION INPUT CURRENT 
( Vcc+4 . 5V g Vin (TF) £ 10 . 5V) 


- 


1 


mA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltase ( I 0UT=-5mA) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Outout "L" Level Voltaee (lQUT =4 . 2m A) 


" 


0.4 


V 
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TC51 1001 P/J/Z-85, TC51 1001 P/J/Z-10 
TC511001P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0 % 70"C) (Motes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC511001E^T/2-85 


TC511001B<r/S-10 


TC511001B<r/2-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


165 


- 


190 


- 


220 


- 


ns 




C RWC 


Read-Write Cycle Time 


190 


- 


220 


- 


255 


- 


ns 




C NC 


Nibble Mode Cycle Time 


40 


- 


40 


- 


50 


- 


ns 




c nrmw 


Nibble Mode Read-Write Cycle Time 


65 


- 


65 


- 


80 


- 


ns 




C RAC 


Access Time from RAS 


- 


85 


- 


100 


- 


120 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


30 


- 


35 


- 


40 


ns 


8,13 


'AA 


Access Time from Column Address 


- 


45 


- 


50 


- 


60 


ns 


8,14 


C NCAC 


Nibble Mode Access Time 


- 


20 


- 


20 


- 


25 


ns 


8 


C CLZ 


CAS" to Output in Low-Z 


-5 


- 


5 


- 


5 


- 


ns 


8 


c OFF 


Output Buffer Turn-Off Delay 





30 





30 


| 35 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


70 


- 


80 


- 


90 


- 


ns 




C RAS 


RAS Pulse Width 


85 


10,000 


100 


10,000 


120 


10,000 


ns 




C RSH 


RAS" Hold Time 


30 


- 


35 


- 


40 


- 


ns 


' 


C CSH 


CAS Hold Time 


85 


- 


100 


- 


120 


- 


ns 




C CAS 


CAS" Pulse Width 


30 


10,000 


3-5 


10,000 


.40 


10,000 


ns 




C RCD 


RAS to CAS" Delay Time 


25 


55 


25 


65 


25 


80 


ns 


13 


C RAD 


RAS" to Column Address Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


C CRP 


CAS" to RAS" Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




C CPN 


CAS Precharge Time 


15 


- 


15 


- 


20 


- 


ns 




C ASR 


Row Address Set-Up Time 





- 


• 


- 





- 


ns 




c RAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




C ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




C CAH 


Column Address Hold Time 


20 


- 


20 


- 


25 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 




C RAL 


Column Address to RAS Lead Time 


45 


- 


50 


- 


60 


- 


ns 




C RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time 
referenced to CAS 





- 





- 





- 


ns 


10 


C RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


tWCH 


Write Command Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t WCR 


Write Command Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 
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TC51 1 001 P/J/Z-85, TC51 1001 P/J/Z-1 

TC511001P/J/Z-12 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC 


OPERATING CONDITIONS (Continued) 




SYMBOL 


PARAMETER 


TC51100IP/OVZ-85 


TC5uoore'3/z-io 


TC511001B<r/Z-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twp 


Write Command Pulse Width 


20 


- 


20 


- 


25 


- 


ns 




C RWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


30 


- 


ns 




C CWL 


Write Command to CAS Lead Time 


20 


- 


25 


- 


30 


- 


ns 




C DS 


Data-in Set-Up Time 





- 





■r 





- 


ns 


11 


C DH 


Data-in Hold Time 


20 


- 


20 


- 


25 


- 


ns 


11 


C DHR 


Data-in Hold Time 
reference to RAS 


65 




75 


- 


90 


- 


ns 




C REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




C WCS 


Write Command Set-Up Time 





- 





- 







ns 


12 


C CWD 




30 


- 


35 


- 


40 


- 


ns 


12 


CAS. to WRITE Delay Time 


C RWD 




85 


- 


100 


- 


120 


- 


ns 


12 


RAS to WRITE Delay Time 


C AWD 


Column Address to WRITE 
Delay Time 


45 


- 


50 


- 


60 


- 


ns 


12 


C CSR 


CAS Set-Up Time 
(CAS before RAS") 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time (CAS before RAS) 


30 


- 


30 


- 


30 


- 


ns 




C RPC 


KA"S" Precharge to CAS 
Active Time 





- 





- 





- 


ns 




t CPT 


CAS Precharge Time 

(CAS" before RAS Counter Test) 


50 


- 


50 


- 


60 


- 


ns 




t NCAS 


Nibble Mode Pulse Width 


20 


- 


20 


- 


25 


- 


ns 




tNCP 


Nibble Mode CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 




C NRSH 


Nibble Mode RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t NCWD 




20 


- 


20 


- 


25 


- 


ns 




Nibble Mode CAS to WRITE 
Delay Time 


C NRWL 


Nibble Mode WRITE Command 
to RAS" Lead Time 


20 


- 


20 


- 


25 


- 


ns 




^CWL 




20 


- 


20 


- 


25 


- 


ns 




Nibble Mode WRITE Command 
to CAS Lead Time 


C TES 


Test Mode Enable Set-Up Time 
referenced to RAS 





- 





- 





- 


ns 




C TEH 


Test Mode Enable Hold Time 
referenced to RAS 





- 





- 





' - 


ns 





CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0 -W0°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


en 


Input Capacitance (A0^A9, Din) 


- 


5 


pF 


CI2 


Input Capacitance (RAS, CAS, WRITE, 


TF) 


- 


7 


pF 


CO 


Output Capacitance (Dqut) 


- 


7 


pF 



— A-1 08 — 



TC51 1 001 P/J/Z-85, TC51 1 001 P/J/Z-1 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgs« 

3 - I CC1> ^CS' ^C^ I CC6 depend on cycle rate. 

^' *CC1» *CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. VjuCmin.) and ViL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vjl- ' 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toF]r(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^cn or tj^g must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. %cs> t RWD» C CWD anc * C AWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If t^cs £ C WCS 
(min.), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; If t j^yp ^ t^^D (min . ) , 
t CWD i t: CWD^ m: '• n •) ant * C AWD £ tAWD (mi n • ) > the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCD^™ 3 **) limit insures that tRAc(ma x *) can be met. 
tg£l)(max.) is specified as a reference point only: If t^cn is greater than 
the specified tRd)(max.) limit, then access time is controlled by tCAC* 

14. Operation within the tj^j)(max.) limit insures that tg^c(max.) can be met. 
tRAT)(max.) is specified as a reference point only: If t^^n is greater than 
the specified t^Qdnax.) limit, then access time is controlled by t^. 
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'/A : "H" or "L" 

NOTE: "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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READ-WRITE CYCLE 
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NOTE: "TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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NIBBLE MODE READ CYCLE 



RAS 



CAS 



A0~A9 



D OUT 



WRITS 



V IH 



V IH 
VlL 



Vf 



t CBP 



' C RAH 



'ASR , 



VlL — 



C RAS 



tCSH 



t RCD 



a c RAD 



ROW 
ADD 



HK 



C ASC 



m 



V H — . 

Vol — 



"RAC 



OPEN 
C AA 



C RCS 



C CAS 



tffC 



/H\ 



COL 
ADD 



tCAH 



"CAC 



tciz 



tQpp 



VALID 

DATA 



> 



C RCH 



'IH 
r IL 



W/////////// 




C NCAC 



tNRSH 



/ 




_tRPj 



tQFP 



^ vat ,ttV ^ / vat ,in \ / vat ,-m X 

\ DATA , / \DATA / \DATA / 



tRCS 



tRCH 



C RRH 



T V ^ 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 



tRAS 



RAS 



CAS 



VlH — ' 



"S: 



C CRP 



VIL — • 



C ASR 



A0-A9 IH 7j 

Vil — 



r AR 



t CSH 



t RCD 



C RAD 



C RAH 



C ASC 



w: 



ROW s/A/ COL 
ADD NA ADD 



t'NC 



^r\ 



C WCR 



twos 



WRITS 



v ih — 7 

VlL " 



'IN 



D OUT 



V IH 
VlL 



'OH 



-DS 



C CAH 



tNCP 



^CAS 



tWCH 



C WCS 



Ml 



%p 



'CWL 



-I , 



C WCH 




t NRSH 



J 



t RP 



\_ 



C NCWL 



C NRWL 



WM&WjmwmMMWMMM 



tt 



DK i C DS 



'DHR 



C DH 



VOL — 



OPEN 



"H" or "L" 



NOTE: "TF" pin should be connected to Vil level or open. 
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NIBBLE MODE READ-WRITE CYCLE 
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NOTE: "TF" pin should be connected to V IL , level or open. 
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RAS ONLY REFRESH CYCLE 
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CAS BEFORE RAS REFRESH CYCLE 
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NOTE: WRITE="H M or "L", A0^A9="H" or "L" 

"TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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NOTE: "TF" pin should be connected to V IL level or open, if "Test Mode" 
is not used. 
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HIDDEN REFRESH CYCLE (READ) 
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MOTE: "TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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APPLICATION INFORMATION 



ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC511001P/J/Z are multiplexed onto the 10 address inputs and latched into the on- 
chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS) , latches the 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS) , subsequently 
latches the 10 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the 
address multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tj^jj) has been satisfied and the address inputs, 
have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 



a combination of WRITE and CAS while RAS" is active. The later of the signals (WRITE 
or CAS) to make its ^negative transition is the strobe for the Data In(Djjj) register.. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRITE input is brought low(active) prior to CAS, the Dj^ is strobed by CAS and the 
set-up and hold times are referenced to CAS. If the input data is not available at 



CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made is negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 



edge of WRITE rather than CAS. (To illustrate this feature, Din is referenced to 
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Djn referenced to CAS) . 



Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low). Data read from the selected cell will be avialable at the output 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TC511001P/J/Z is the high 
impedance (open circuit) state. This is to say, anytime CAS is at a high level, the 
DouT P^ n will be floating. The only time the output will turn on and contain either 
a logic or logic 1 is at access time during a read cycle. DouT will remain valid 
from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. 
The first of 4 bits is accessed in the usual manner with read data coming out at 
C CAC c i me ' By keeping RAS low, CAS can be cycled up and then down, to read or write 
the next three pages at high data rate (faster than tQ^c) • R° w and column addresses 
need only be supplied for the first access of the cycles. From then on, the falling 
edge of CAS will activate the next bit. After four bits have been accessed, the 
next bit will be the same as the first bit accessed (wrap-around method) . 

■(0, 0) (0, 1) (1, 0) -(1, 1) 



i— W, u; w, i.) U, u; -u, -U 1 



Address A9 determines the starting point of the circular 4 bits nibble. Row A9 
and column A9 provide the two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary fashion; 00 -»■ 01 ■*• 10 ■+■ 11 
with A9 row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap- 
around will continue for as long as RAS is kept low. 

RA3 ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory 
cycle at each of the 512 row address (A0^A8) within each 8 millisecond time 
interval. Although any normal memory cycle will perform the refresh operation, 
this function is most easily accomplished with "RAS -only" cycles. 
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CAS BEFORE EAT REFRESH 

CAS before RAS" refreshing available on the TC511001P/J/Z offers an alternate 
refresh method. If CAS is held on low for the specified period (t^sR) before 
RAS" goes to low, on chip refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes place. After the 
refresh operation is performed, the refresh address counter is automatically in- 
cremented in perparation for the next CAS before RAS refresh operation. 



HIDDEN REFRESH 

An optional feature of the TC511001P/J/Z is that refresh cycles may be 
performed while maintaining valid data at the output pin. This referred to as 
Hidden Refresh. Hidden Refresh is performed by holding CAS at Vjl and taking 
RAS high and after a specified precharge period (t^p), executing a CAS before 
RAS refresh cycle. (see Figure below) 



HAS 



dqut 0PEK 



MEMORY CYCLE 



A^N / 



\ 



< 



REFRESH CYCLE REFRESH CYCLE 



\ 



/ 



/ 



> 



This feature allows a refresh cycle to be "hidden" among data cycles without 
affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511001P/J/Z can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as ini- 
tialization cycles. The test procedure is as follows. 



(1) Write "0" into all the memory cells at normal write mode. 

(2) Select one cartain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 
Repeat this operation 512 times. 

(D Check "1" out of 512 bits at normal read mode, which was written at (2) . 

(A) Using the same column as (2) , read "1" out and write "0" in each cell per- 
forming CAS BEFORE RAS REFRESH COUNTER TEST. 
Repeat this operation 512 times. 

(5) Check "0" out of 512 bits at normal read mode, which was written at (£) . 

(6) Perform the above (T) to (5) the complement data. 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 



Block Diagram in Test Mode 
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An, Am 



Din — 
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TF Pin = Super Voltage; Test Mode 
TF Pin = Low Level or Hi-Z; Normal 



Truth Table in Test Mode Function 
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Fig. 1 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS (CONTINUED) 

The "Test Mode" function is enabled by applying a "Super Voltage" (VCC+4.5V, max. voltage=10.5V) on the "TF" 
pin for a specified period (tTES and tTEH as shown in figure 2) It can be used while operating in any mode, 
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time 
for N 2 patterns. The A9 address input is ignored during the "Test Mode" 

During normal operation or when the "Test Mode" function is not used, the "TF' pin must be connected to VSS or 
TTL Logic Low Level, or left unconnected on the printed wiring board. 



Sas 



CAS 






'VlH 



r IL 



TF 



V IH(TF) — 



VlL 




:Z7 



Fig. 2 Test Mode Cycle 
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OUTLINE DRAWINGS 



• Plastic DIP 



18 17 16 15 14 13 12 11 10 



_RLOyP 



123 45 6789 



Unit in mm 



22.8MAX 




7.6 2±0.2 5 



0— 15° 



► 0.1 \\\ 

0.2 5-0.0 5 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No. 18 leads. 
All dimensions are in millimeters. 
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Plastic SOJ 



17.02 ~ 17.27 
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Plastic ZIP 
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13 17 19 



2 4 6 



12 14 16 13 20 



125 +M7 



Note: Ear.h lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any 
circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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DESCRIPTION 

The TC511002P/J/Z is the new generation dynamic RAM organized 1,048,576 words by 1 
bit. The TC511002P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC511002P/J/Z to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package 
size provides system bit densities and is compatible with widely available automated test- 
ing and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families such 
as Schottky TTL. "Test Mode" function is implemented from Revision C. 



FEATURES 

• 1,048,576 words by 1 bit organization 

• Fast access time and cycle time 





TC511002P/J/Z-85-10-12 
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C CAC CS Access Time 
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SC Mode Cycle Time 
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• Single power supply of 5V±10% with a built-in 
Vbb generator 

PIN CONNECTION (TOP VIEW) 
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Low Power 
385mU MAX. Operating (TC511002P/J/Z-85) 
330mW MAX. Operating (TC511002P/J/Z-10) 
275mW MAX. Operating (TC511002P/J/Z-12) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows 
two-dimensional chip selection 

Common I/O capability 

Read- Modif y-Urite , CS before RAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability. 

All inputs and output TTL compatible 

512 refresh cycles/8ms 

Package Plastic DIP: TC511002P 
Plastic SOJ: TC511002J 
PlasticrZIP: TC511002Z 
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TC51 1 002P/J/Z-85, TC51 1 002P/J/Z-1 
TC511002P/J/Z-12 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VIN 


-1 o,7 


V 


1 


Test Function Input Voltage 


VIN(TF) 


-1 <vl0.5 


V 


1 


Output Voltage 


VOUT 


-1 o-7 


V 


1 


Power Supply Voltage 


vcc 


-1 0,7 


V 


1 


Operating Temperature 


TOPR 


Oo,70 


°C 


1 


Storage Temperature 


TSTG 


-55 a,150 


°C 


1 


Soldering Temperature • Time 


TSOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


l0UT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0o,70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VIH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Lox/ Voltage 


-1.0 


- 


0.8 


V 


2 


VlH(TF) 


Test Enable Input High Voltage 


VCC+4. 5 


- 


10.5 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V C c=5±10%, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITSlNOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CS", Address Cycling: tRC=tRC MIN.) 


TC511002PXT/Z-85 


- 


70 


mA 


3,4 


TC5ll002B<r / /Z-10 


- 


60 


mA 


TC511002B<T/2-12 


- 


50 


mA 


x cc2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS"=V IH ) 


- 


2 


mA 




I CC3 


RAS" ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS" Cycling, CS=V IH : t RC =tR C , MIN.) 


TC511002TKT/2-85 


- 


70 


mA 


3 


TC511002JKr/2-10 


- 


60 


mA 


TC511OO2P/073-12 


_ 


50 


mA 


X CC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode(RAS"=CS=ViL, Address Cycling: tsc=tsc MIN.) 


TC511002P/J/2-35 


- 


50 


mA 


3,4 


TC511002EOV2-10 


- 


40 


mA 


TC511002B<r/2-12 


- 


30 


mA 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS"=Vcc-0.2V) 


- 


1 


mA 




X CC6 


CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, C~S Before 

RAS" Mode (RAS", CS Cycling: tRC=tp v c MIN.) 


TC511002P/X-2-S5 


- 


70 


mA 


3 


TC5U002TKT/2-10 


- 


60 


mA 


TC51100 2E- 1/3-12 


- 


50 


mA 


^(L) 


INPUT LEAKAGE CURRENT (any input except TF) 
Input Leakage Current, any input (0V<lVj_h<;6.5V, 
All Other Pins Not Under Test = OV) 


-10 


10 


uA 




I ITF(L) 


INPUT LEAKAGE CURRENT (only TF) 

(0VgViN(TFUO.8V, All Other Pins Not Under Test=0V) 


-10 


10 


UA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(DoUT is disabled. 0V£V0UT^+5 .5V) 


-10 


10 


UA 




I TF 


TEST FUNCTION INPUT CURRENT 
(V C c+4.5VlV IN (TF) <10.5V) 


- 


1 


mA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (IouT =-5mA ) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IoiT=4.2mA) 


- 


0.4 


V 
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TC51 1 002P/J/Z-85, TC51 1 002P/J/Z-1 
TC511002P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc"5V±10%, Ta=0 ■WO°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC511002B<r/2-35 


TC511C02BT/Z-1O 


TC511002E^r/2-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


lMAX. 


MIN. 


MAX. 


C RC 


Random Read or Write Cycle 
Time 


165 


- 


190 


- 


220 


- 


ns 




tRWC 


Read-Write Cycle Time 


190 


- 


220 


- 


255 


- 


ns 




C SC 


Static Column Mode Cycle Time 


50 


- 


55 


- 


65 


- 


ns 




C SRWC 


Static Column Mode Read Write 
Cycle Time 


90 


- 


100 


- 


120 


- 


ns 




C RAC 


Access Time from RAS 


- 


85 


- 


100 


- 


120 


ns 


8,13 


C CAC 


Access Time from CS 


- 


25 


- 


25 


- 


30 


ns 


8,13 


C AA 


Access Time from Column 
Address 


- 


45 


- 


50 


- 


60 


ns 


8,14 


tALW 


Access Time from Last Write 


- 


85 


- 


95 


- 


115 


ns 


8,15 


C CLZ 


CS to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


8 


c OFF 


Output Buffer Turn-off Delay 





30 





30 





35 


ns 


9 


c AOH 


Output Data Hold Time from 
Column Address 


5 


- 


5 


- 


5 


- 


ns 




c OW 


Output Data Enable Time from 


- 


30 


- 


30 


- 


35 


ns 




WRITE 


C WOH 


Output Data Hold Time from 





- 





- 





- 


ns 




WRITE 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


70 


- 


80 


- ■ 


90 


— V 


ns 




C RAS 


RAS Pulse Width 


85 


10,000 


100 


10,000 


120 


10,000 


ns 




t RASC 


RAS Pulse Width 
(Static Column Mode) 


85 


100,000 


100 


100,000 


120 


100,000 


ns 




C RSH 


CS" to RAS" Hold Time 


25 


- 


25 


- 


30 


- 


ns 




tCSH 


RAS to CS" Hold Time 


85 


- 


100 


- 


120 


- 


ns 




C CS 


CS" Pulse Width 


25 


10, coo 


25 


10,000 


30 


10 , 000 


ns 




C CSC 


C"S Pulse Width 
(Static Column Mode) 


25 


100,000 


25 


100,000 


30 


100,000 


ns 




tRCD 


RAS to CS Delay Time 


25 


60 


25 


75 


25 


90 


ns 


13 


* RAD 


RAS to Column Address Delay 
Time 


20 


40 


20 


50 


20 


60 


ns 


14 


C CRP 


CS to RAS" Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




t CP 


CS Precharge Time 
(Static Column Mode) 


10 


- 


10 


- 


15 


- 


ns 




C ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




t RAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




C ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




C CAH 


Column Address Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t AWR 


Write Address Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


100 


- 


115 


- 


140 


- 


ns 




t RAL 


Column Address to RAS Lead 
Time 


45 


- 


50 


- 


60 


- 


ns 
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TC51 1002P/J/Z-85, TC51 1002P/J/Z-10 
TC511002P/J/Z-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (continued) 



SYMBOL 


PARAMETER 


TC511002P/CT/2-S5 


TC511002B<r/2-10 


TC5110C2E^>2-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t AH 


Column Address Hold Time 
referenced to RAS Rise 


10 


- 


10 


- 


15 


- 


ns 


16 


t CWL 


Write Command to CS" Lead Time 


20 


- 


25 


- 


30 


- 


ns 




C LWAD 


Last Write to Column Address 
Delay Time 


25 


40' 


25 


45 


30 


55 


ns 


15 


tAHLW 


Last Write to Column Address 
Hold Time 


85 


- 


95 


- 


115 


- 


ns 




t RCS 


Read Command Set-Up Time 
referenced to CS~ 





- 





- 





- 


ns 




C RCH 


Read Command Hold Time 
referenced to CS" 





- 





-• 





- 


ns 


10 


t RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


' WH 


Write Command Hold Time 
(Output Data Disable) 





- 





- 





- 


ns 


12 


C WCR 


Write Command Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 




C WP 


Write Command Pulse Width 


20 


- 


20 


- 


25 


- 


ns 




C W1 


Write Command Inactive Time 


10 


- 


10 


- 


15 


- 


ns 


....J 


C RWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


30 


- 


ns 


1 


C DS 


Data-in Set-Up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


20 


- 


20 


- 


25 


- 


ns 


11 


t DHR 


Data-in Hold Time 
referenced to RAS 


65 


-' 


75 


- 


90 


- 


ns 




C REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




t WS 


Write Command Set-Up Time 
(Output Data Disable) 





- 





- 





- 


ns 


12 


t CWD 


CS to. WRITE Delay Time 
(READ-WRITE CYCLE) 


25 


- 


25 


- 


30 


- 


ns 


12 


tRWD 


RAS to WRITE Delay Time 
(READ-WRITE CYCLE) 


85 


- 


100 


- 


120 


- 


ns 


12 


t AWD 


Column Address to WRITE 
Delay Time 


45 


- 


50 


- 


60 


- 


ns 


12 


t CSR 


CS" Set-Up Time 
(CS before RAS) 


10 


- 


10 


- 


10 


- 


ns 




C CHR 


CS Hold Time 
(CS before RAS) 


30 


- 


30 


- 


30 


- 


ns 




C RPC 


RAS Precharge to CS" 
Active Time 





- 





- 





- 


ns 




t CPT 


CUT Precharge Time 

(CS before RAS" Counter Test) 


50 


- 


50 


- 


60 


- 


ns 




C CPN 


CS Precharge Time 


15 


- 


15 


- 


20 


- 


ns 




C TES 


Test Mode Enable Set-Up Time 
referenced to RAS 





- 





- 





- 


ns 




C TEH 


Test Mode Enable Hold Time 
referenced to RAS 





- 





- 





- 


ns 
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CAPACITANCE (V C c»5V±10%, f=lMHz, Ta=0 ■WO°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


cn 


Input Capacitance (AO a.A9, Djjj) 


- 


5 


pF 


CI2 


Input Capacitance (RAS, CS, WRITE, TF) 


- 


7 


CO 


Output Capacitance (Dqut) 


- 


7 



NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. ICC1» ICC3, ICC4, ICC6 depend on cycle rate. 

^' *CC1> *CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200 us is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of 8 CS" Before RAS intializa- 
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tx=5ns. 

7. VjuCmin.) and Vij_,(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and V^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either -tg£H or tj^jj must be satisfied for a read cycle. 

11. These parameters are referenced to CS~ leading edge in early write cycles and to 
WRITE leading edge in read-write cycles. 

12. tws» twH> C RWD> C CWD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electeical characteristics only. If tyg = t^g (min . ) 
and twfr = twH(min.) , the cycle is an early write cycle and data out pin will remain 
open circuit (high impedance) throughout the entire cycles; If tRUD = tRWD (min . ) , 
C CWD = c CWD( min «) anc * t^WD = C AWD ( m i n • ) , the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither or the above 
sets of conditions is satisfied, the condition of the data out (at access time) 

is indeterminate. 

13. Operation within the tRCD( max -) limit insures that tRAc(max.) can be met. tRCD 
(max.) is specified as a reference point only: If t^d) is greater than the spec- 
ilied tRCD( max> ) limit, then access time is controlled by tcAC* 

14. Operation within the tRAD( max -) limit insures that tRAc( max *) can be m et. 
tRAD( max «) is specified as a reference point only: If tRAD is greater than the 
specified t£AD(max.) limit, then access time is controlled exclusively by t^A- 

15. Operation within the tLWAI)( max ') limit insures that tALw( max «) can De met ^ t^AD 
(max.) is specified as a reference point only: If tLWAD is greater than the spec- 
ified tLWAD( max -) limit, then access time is controlled exclusively by tAA* 

16. t^jj is the condition to latch column address when RAS has rised up. 
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READ-WRITE CYCLE 



RAS 



A0~A9 



VlH — * 



VlH — 



t ASR 



VlL 



C RWC 



Cp_p 



\ 



C RAS 



\ 



C RAH 



ROW ADDRESS 



\*CKP 



cs" 



VlH — 



WRITS 



VlH — 



'IL 



J IN 



D UT 



Vih-7 



VlL 



V H — 

vol — 




C CAH 



'RWL 



T* - 



' I I In C0LUMN ADDRESS 

C RCD I 



'III. 



-RAD 



tRCS 



C RWD 



////////////////////// 



A: 



t RAL 



-ASC 



-CS 



t CWD 



C AWD 



C CSH 



'II//IIIIIIIII/IIIIIIII/II/////M 



b 



C DS 



\ 



-I 



C CWL 



C WP 



C CRP 



^ 



tDH 



VALID DATA 



C RAC 



^AA 



tWOH I 



c AOH 



c OF? 



fc 



W 



m 



VALID DATA 



C CLZ 



^ 



tr H i. or u L ., 



NOTE: "TF" pin should be connected to V IL level or open, if "Test Mode" 
is not used. 
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TIMING WAVEFORMS 
READ CYCLE 



A0~A9 






'ASR 



GS 

VlH —7 



tCRP 

IT" 



C RC 



\ 



-HAS 



j/* 



C RAH 



ROW ADDRESS 



TK 



C RAD 



WRITS 



DOUT 



VlL 



'OH 



'OL 



C RAC 



C ASC 



C RAL 



C RP 



^CSH 



C AH 



COLUMN ADDRESS 



C RCD 



C RCS 



C AR 



\ 



OPEN 



C RSH 



t CS 



' W/////////M 



C RRH 



«CRP 



*"/ c ECH 



C CAC 



'AA 



Z CLZ 



VALID DATA 



1 



WRITE CYCLE (EARLY WRITE) 



RAS 



A0~A9 




VlL 



ROW 
ADDRESS 



^CRP 



_ v IH — * 
cs 

VlL" 



Vtt: 



wt 



COLUMN 
ADDRESS 



^RAD 



W///////////////////////M 



"ASC 



C RCD 



\ tc S , f 



t WCR 



WRITS 



IH— 7 



VlL 
V 



pws 



C DS| 



Dl 



- :. IH - '////////////////////m 



C CAH 



C CWL 



^RSH 



C WP 



t RWL 



tWH 



C GRP 



C DH 



DquT 



VlL 
V H 

v l 



VALID DATA 



C DHR 



OPEN 



m-- 



" , H"or l, L" 



NOTE: "TF" pin should be connected to V IL level or open, if "Test Mode" 
is not used. 
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STATIC COLUMN MODE READ CYCLE 



RAS 



A0~A9 






V IH 



\ 



C ASR, 



C RASC 



df 



C RAH 



ROW 
ADDRESS 



C RAD 



C AR 



_ Vih 
CS 



WRITE 



D OUT 






-RCS 



C RCD 



'/////////////// 



VOH — 

Vol — 



*sc 



COLUMN 
ADDRESS 



X 



ASC 



H 



C CAC 



C RAC 



C CLZ 




t SC 



COLUMN 
ADDRESS 



X 



c cs 



r 



C CSH 



I— ^ 



-AOH 



fALID 
)ATA 




C CP 



'RCH 




C RAL 



C RP J 



| C AH 



COLUMN 
ADDRES S 



W77777/ 



' \F^-f ' 



c OF? 



C RSH 



t-RCS 



d 



C CRP 



C RRH 



C RCH 



^CAC r* 



Cqfp 



ySZM 



VaT.t A 1 i^ TVp VALID jv 

data 4 r^^yA L data _z 



C CLZ 



STATIC COLUMN MODE >vRITE CYCLE (EARLY WRITE) 

vih — ~ \i- t RASc 



RAS 



A0~A9 



'IL 



VlH 



'IL 



^SR, 



C RP 



C RAH 



ROW 
ADDRESS 



C CAH 



cs" VlH 



VlL — 



C RAD 



C RCD 



WRITE 



'IH 
r IL 



C DHR 



**i*- '////////////m !&. 



V IL 

V, 



C D3 




t ?AL 



7 mq^w M^M7?d^ ^7////////////, 

C AWR 



C WS 



twp 



<wi r 



^ASC| ■ , 

nff — v — v 



C RSH 



C WS 



tCWL 



m /^ - / 



t RWL 



'CRP 



C DH 



jID 
.DATA 



.VALID 
DATA 



ymmymzMm 



J OUT 



OH , 

Vol — 



OPEN 



23 •• "h-« 



NOTE: "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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STATIC COLUMN MODE READ-WRITE CYCLE 



C RP 



RAS 



A0~A9 



VlH 

VlL 



-ASH 



VlH — 
VlL — 



■f* 



RAL 



^RAH 



ROW 
ADDRESS 



Vth 

CS in 



VlL — 



WRITE 



VlH — 
VlL — 

VlH 




: cah 



COLUMN 
ADDRESS 



C RAD 



C ASC 



-RCS 



C RWD 



^^ i t CWD 



C SRWC 



Z ATTD 



C LWAD 



C RWL 



-I 



COLUMN 
ADDRESS 



'ill 



l c CRP 



'//////////////// "ted/" 



C RCD 



-DSi 



C DH 



C AWD 



t CWL 



M_y 



■*. v - v/////////////////^^^ 



VoH — 
D OUT v _' 

v L 



tRAC 



:CAC 



C AA 



t CL2 



^r 



TOOH 
^AOH |j 



-AA 



C ALW 



tow 



VALID DATA 



tQjrrp 



VALID DATA 



STATIC COLUMN MODE READ/WRITE MIXED CYCLE 



RAS 



r IL — - 



— £ ~^ M ssss. ^^^niiir^^^C r#:is N^^^ 



CS 



VlH — " 
VlL — 



tASC 



\. 



WRITS 



V IH — 
VlL — 



'ASC 



-CAH 



^LWAD 



C AHLW 



^IH — ^ 
D ™ V TT . - 



C AWD 



C CWD 



'IL 



2& 



PS tpH __ , 



7ALID DATA 



D OUT . 



7 0H . 

r OL — 



tCAC 



'CLZ 



c AOH , 

r- — — I 



c cw 



C ALW 



n AOK 



M~WF^W////, »VAUD DATA //////////^ pg 



VALID 
?A 



(READ) 



(WRITE) 



(READ) 



m 



NOTE: "TF" pin should be connected to V IL level or open, if "Test Mode" 
is not used. 
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RAS ONLY REFRESH CYCLE 



HAS 



cs 



A0~A8 



D OU1 



VlH" 

v IH - 
vol — ' 



•RC 



'CRP 



"RAS 



C RP 



f \ 



I C RPC 



7 



C ASR | 



TZ7 



C RAH 



m 



ROW ADDRESS I 



W//////////////M 



0P3N 



NOTE: WRITE="H" or "L", A9="H" or "L 



//A ; "H M or"L" 



CS BEFORE RAS REFRESH CYCLE 



C RC 



-RP 



RAS 



CS 



D OUT 



•VlH 



V IH 
VlL 



-RPC 



\ 



C CPN 



^CSR 



/rx 



'RAS 



C CHR 



Y. 



^OPF 



V H — " 

Vol — ■ 



> 



OP2N 



NOTE: WRITE="H" or "L", A0^A9="H" or "L" 

"TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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HIDDEN REFRESH CYCLE (READ) 



HAS 



VlH — =V, 

VlL — ^ 



-CRP 



■RC 



C RAS 



^r\ 



C RCD 



C RSH 



I t 



AR 



C ASR 



l c RAH 



'ASC 



\ 



C RAD 



A0~A9 



WRITS 



D 0UT 



:;: zmw m ^ «~. w////////////////////////////m 



VlH 
''iL — ' 

V 0H _ 

vol — 



C RCS, 



•RAL 



"RP 



-RC 



C RP 



-RAS 



dTA 



: CHR 



/ 



CAH 



tCRP 



'RRH 



t CAC 



C AA 



^RAC 



'GLZ 



HIDDEN REFRESH CYCLE (WRITE) 



y///////////////M 



tgpp 



VALID DATA 



> 



/////// 




v OL 



~^// "H"or"L" 
NOTE: "TF" pin should be connected to V IL level or open, if "Test 
Mode" is not used. 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



v IH — • 



\ 



CS 






t CSR 



Z SD 



C RAS 



C RSH 



C CHR 



< C CPT . 
C ASC 



— ;- - '///////////////////// /// tit co LMM „ 



READ CYCLE 

Vqh — 



D OUT 



WRITE 



Vol 
v ih— 7 



C RCS 



^IL 



'//////////// 




WRITE CYCLE 

VlH- 



C ASC 



A0-A9 



D OUT 



VlL 
V H 

vol 



:/" 



c cs 



^" 



-J 



C CRP 



r RAL- 



"CAC 



■CLZ 



VALID DATA 



1 



tQFP 



> 



tCAH 



^//////////////////7 ?^^ ^///////////////////////////, 



I *AH 



C RRH 



"°" % Z W//////////////////A : 



c ws 



C DS 



C RWL 



C CWL 

C WP 



OP2N 



C DH 



A 



C WH 



ty///////////, 



7 



»» I° = ^////////////////^^ 



c / C 



READ-WRITE CYCLE 

*°- :™Z. '///////////////777777M °q™ ~ 



VlL' 



Voh — 

D OUT v 

v OL 



'RCS 



t CAH 




C CAC 



i£HJ 



c AOH 



W/////// 



tQFF 



VALID DATAJ^ 



t AWD 



-CWD 



"™ ZZMMMMMW 



tDS 



5lN v IL 




r CWL 



C RWL 



C WP 



c WOH 



\ ~ y///////////////// 



C IH 



VALID 
DATA 



Z 



77^ : "H"or"L" 

NOTE: "TF" pin should be connected to Vjl level or open, if "Test 
Mode" is not used. 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC51 1000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The "Test Mode" function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the "Test Mode" circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical "and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all "H" 

or all "L") and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 



Block Diagram in Test Mode 



An, Am 



An, Am 



J in 




TF Pin = Super voltage; Test Mode 
TF Pin = Low level or Hi-Z; Normal 



Truth Table in Test Mode Function 



A B C D 


DOUT 

















1 


1 


1 


1 


1 


Otherwise 


Hi-Z 



Fig. 1 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS (CONTINUED) 

The "Test Mode" function is enabled by applying a "Super Voltage" (VCC+4.5V, max. voltage=10.5V) on the "TF" 
pin for a specified period (tTES and tTEH as shown in figure 2). It can be used while operating in any mode, 
including static column mode. It achieves a 4:1 reduction in test time for N patterns and a 16:1 reduction in test time 
for N 2 patterns. The A9 address input is ignored during the "Test Mode" 

During normal operation or when the "Test Mode" function is not used, the "TF" pin must be connected to VSS or 
TTL Logic Low Level, or left unconnected on the printed wiring board. 



RAS 



CAS 



'ia — 



\ 



r IH 



r IL 



^TES 



\ 



/ 



tT2K 



V IH(T?) — 



-,,--j 



X 



Fig. 2 Test Mode Cycle 
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OUTLINE DRAWINGS 



Plastic DIP 



18 17 16 15 14 13 12 11 10 

r—i i — ' ' — ' ' — ' ' — ' ' — ' i — ' i — ' i— i 



_RLoyp 



123 45 6789 



Unit in. mm 



22.8MAX. 




7.6 2±0.2 5 




0r-i5 c 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No. 18 leads. 
All dimensions are in millimeters. 
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Plastic SOJ 



17.0 2 ~ 17.2 7 



26 25 2423 22 
p r-i n n r-i 



cK 



u u u u 

9 10 11 12 13 



i 




Plastic ZIP 



INDEX DOT 



<J 



V 

127 TIP. 



13 5 7 



11 13 15 17 19 



^N 



12 14 16 18 20 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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262,144 WORDS X 4 BIT DYNAMIC RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC514256P/J/Z is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TC514256P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the TC514256P/J/Z to be packaged in a 
standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The 
package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 



FEATURES 

• 262,144 words by 4 bit organization 

• Fast access time and cycle time 





TC514256P/J/Z-85-10-12 


tRAC RAS* Access Time 


85ns 100ns 120ns 


c Column Address 
AA Access Time 


45ns 50ns 60ns 


tCAC CAS" Access Time 


30ns 30ns 35ns 


C RC Cycle Time 


165ns 190ns 220ns 


t pc Fast Page Mode 
Cycle Time 


50ns 55ns 70ns 



Single power supply of 5V±10% with a built- 
in Vgjj generator 



PIN CONNECTION (TOP VIEW) 



Plastic DIP 



i/uit 
1/02 1 

ra3i 

H.C. I 
AO 
All 
A2( 
A3 

V C 



(0 



3*33 
3L/04 
31/03 
3CX3" 

Job 

]A8 
3A7 
]A0 
I A3 
]A4 



Plastic SOJ 

I/Ol if] ^6 
1/02 [ 2 



W RITE ! 3 
RASI4 
N.C. I 3 



AO[ 
Al[ 
A2 
A3[ 

vcc 1 



lv a3 

23 Jl/tJt 
24H/03 
23 JCI3 



22 



14 



]OE 



]A8 
JA7 



la : 

17 
16 
1S]A3 



3AS 



JA4 



PIN NAMES 



A0-VA8 


Address Inputs 


RAS" 


Row Address Strobe 


caS 


Column Address Strobe 


WRITE 


Read/Write Input 


OE 


Output Enable 


1/01^1/04 


Data Input/Output 


vcc 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 



Plastic ZIP 



OB 
1/03 

Vss 
i/o a 

RAS 
AO 
A2 

Vcc 

AS 
A7 







.Al r~ 

-?J r- 

-•Tfi 


cas~ 

1/04 


I/Ol 






z i lP. 


WRITE 


9t 












%& 


Al 


%& 




A3 


13; -••■ 




:- |16 


A4 


17J I--- 

-1 Lie 


Afl 


ia (-■• 




" l?.°. 


AS 



Low Power 
413mW MAX. Operating (TC514256P/J/Z-85) 
358mW MAX. Operating (TC514256P/J/Z-10) 
303mW MAX. Operating (TC514256P/J/Z-12) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows 
two-dimensional chip selection 

Read-Modify-Write, CAS" before RAS" 
refresh, RAS-only refresh, Hidden 
refresh, and Fast P^.ge Mode capability 

All inputs and outputs TTL compatible 

512 refresh cycles/8ras 

Package Plastic DIP: TC514256P 
Plastic SOJ: TC514256J 
Plastic ZIP: TC514256Z 



BLOCK DIAGRAM 



V C Vgg 

1 I 



I/Ol I/t>2 I/t33 I/t34 

,? r?T , 



WRITEO- 



CA3C 



fe 



DATA IN 
BUFFER 



AO I 
Al 



No. 2 CLOCK 
GENERATOR 

1 



COLUMN 

ADDRESS 

BUFFKRfe) 



'Q 



REFRESH 
CONTROLLER h 

T 



DATA OUT 
BUFFER 

TT7y 



a 



REFRESH 
COUNTER (9) 



ROW 
ADDRESS 
J BUFFER 6) 



NO.1 CLOCK J— 1 
OENERATOR 



2 



COLUMN 
DECODER 



SENSES AMP 
I/D OATE 



o □ 



\- 312- 
X4 



MEMORY 

ARRAY 

312X312X4 



iUajTRATS 

■jenerator 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-H7 


V 


1 


Output Voltage 


VOUT 


-1W ' 


V 


1 


Power Supply Voltage 


vcc 


-1 <\, 7 


V 


1 


Operating Temperature 


TOPR 


^ 70 


°c 


1 


Storage Temperature 


TSTG 


-55 ~ 150 


°C 


1 


Soldering Temperature • Time 


TSOLDER 


260 . 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


Tout 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0 ^70°c) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta-0 *70°C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS", Address Cycling: tRC=tRC MIN.) 


TC514256E^T/2-85 


- 


75 


mA 


3,4 


TC514256E/Z/Z-10 


- 


65 


TC51«56B<r/2-12 


- 


55 


ice 2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=Vih) 


- 


2 


mA 




ICC3 


RAS" ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : t R c=tRC MIN.) 


TC51«56B<r/2-85 


- 


75 


mA 


3 


TC514256E^T/2-10 


- 


65 


T C514256P/J/2-1 2 


- 


55 


ICC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAl>=VIL, CAS, Address Cycling: tpc=pc MIN.) 


TC514256B<r/2-85 


- 


55 


mA 


3,4 


TC51-«56B<r/2-10 


- 


45 


TC514256B<r/2-12 


- 


35 


ICC5 


STANDBY CURRENT 

Power' Supply Standby Current 

(RAS"=CAS"=Vcc-0.2V) 


- 


1 


mA 




I CC 6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS", CAT Cycling: t R c= RC MIN.) 


TC514256E<r/2-85 


- 


75 


mA 


3 


TC514256E<r/2-10 


- 


65 


TC514256B<r/2-12 


- 


55 


Il(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V<V IN <6.5V, All 

Other Pins Not Under Test=0V) 


-10 


10 


uA 




I (D 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV < VqtjT £ v cc) 


-10 


10 


UA 




V H 


OUTPUT LEVEL 

Output "H" Level VOLTAGE (I uT=-5mA) 


2.4 


- 


V 




Vol 


OUTPUT LEVEL 

Output "L" Level VOLTAGE (IouT = 4-2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 









< 


:v C c= 


5V±10%, ' 


ra=0 ' 


W0°C)(N 


otes 5 


, 6,7) 


SYMBOL 


PARAMETER 


TC514256P/J/2 
-85 


TC514256E/J/Z 
-10 


TC514256P/J/2 
-12 


UNIT 


NOTES 




MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Random Read or Write Cycle Time 


165 


- 


190 


- 


220 


- 


ns 




tRMW 


Read-Mod if y-Wr it e Cycle Time 


225 


- 


255 


- 


295 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


50 


- 


55 


- 


70 


- 


ns 




t PRMW 


Fast Page Mode Read-Mod if y-Write 
Cycle Time 


110 


- 


115 


- 


140 


- 


ns 




tRAC 


Access Time from RAS 


- 


85 


- 


100 


- 


120 


ns 


8,13 


C CAC 


Access Time from CAS 


- 


30 


- 


30 


- 


35 


ns 


8,13 


t AA 


Access Tire from Column Address 


- 


45 


- 


50 


- 


60 


ns 


8,14 


t CPA 


Access Time from CAS Precharge 


- 


45 


- 


50 




65 


ns 


8,14 


tCLZ 


CAS to output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


5 


c 0FF 


Output Buffer Turn-off Delay 





30 





30 





35 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


MS Precharge Time 


70 


- 


80 


- 


90 


- 


ns 




t RAS 


RAS Pulse Width 


85 


10,000 


100 


10,000 


120 


10,000 


ns 




tRASP 


RAS" Pulse Width (Fast Page Mode) 


85 


100,000 


100 


100,000 


120 


100,000 


ns 




C RSH 


RAS Hold Time 


30 


- 


30 


- 


35 


- 


ns 




C RSH 


CAS Hold Time 


85 


- 


100 


- 


120 


- 


ns 




t CAS 


CAS Pulse Width 


30 


10,000 


30 


10,000 


35 


10,000 


ns 




C RCD 


RAS to CAU Delay Time 


25 


55 


25 


70 


25 


85 


ns 


13 


tRAD 


RAS to Column Address Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


t CRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




C CPN 


CAS PreGharge Time 


15 


- 


15 


- 


20 


- 


ns 




C CP 


CAS" Precharge Time 
(Fast Page Mode) 


10 


- 


10 


- 


15 


- 


ns 




C ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




C RAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




C ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


20 


- 


20 




25 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 




t RAL 


Column Address to RAS Lead Time 


45 


- 


50 


- 


60 


- 


ns 




C RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 


10 


C RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 
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SYMBOL 


PARAMETER 


TC5142 56P/ / J/<Z 
-8 5 


TC514256P/J/Z 
-10 


TC5142 56P/J/Z 
-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


tWCH 


Write Command Hold Time 


20 


- 


20 


■ - 


25 


- 


ns 




t WCR 


Write Command Hold Time 
referenced to RAS 


65 


- 


75 


- 


90 


-■ 


ns 




t WP 


Write Command Pulse Width 


20 


- 


20 


- 


25 


- 


ns 




C RWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


30 


- 


ns 




t CWL 


Write Command to CAS Lead Time 


20 


- 


25 


- 


30 


- 


ns 




C DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


t DH 


Data Hold Time 


20 


- 


20 


- 


25 


- 


ns 


11 


t DHR 


Data Hold Time Referenced 
to RA"3 


65 


- 


75 


- 


90 


- 


ns 




t REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




C WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


C CWD 


CAS to WRITE Delay Time 


65 


- 


65 


- 


75 


- 


ns 


12 


t RWD 


RAS to WRITE Delay Time 


120 


- 


135 


- 


160 


- 


ns 


12 


t AWD 




80 


- 


85 


- 


100 


- 


ns 


12 


Column Address to WRITE 
Delay Time 


fc CSR 


CAS Set-Up Time (CAS before , 
RAS" Cycle) 


10 


-" 


10 


- 


10 


- 


ns 




t CHR 


C5S Hold Time (CAS before RAS 
cycle) 


30 


■- 


30 


- 


30 


- 


ns 




tRPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




C CPT 


CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 


50 


- 


50 


- 


60 


- 


ns 




tROH 


RAS Hold Time Referenced to OE 


20 


- 


20 


- 


20 


- 


ns 




t OEA 


OE Access Time 


- 


25 


- 


25 


- 


30 


ns 




t OED 


OE to Data Delay 


25 




25 


- 


30 


- 


ns 




c OEZ 


Output buffer turn off Delay 
Time from OE 





25 





25 





30 


ns 




tQEH 


OE" Command Hold Time 


25 


- 


25 


- 


30 


- 


ns 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0 ~70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (Ao - As) 


- 


5 


pF 


CI2 


Input Capacitance (RA"3,CA"3, WRITE, 0E) 


- 


7 


pF 


c 


Output Capacitance (1/0^ - I/O4) 


- 


7 


pF 
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NOTES: 



1. Stresses greater than those listed under "Absolute Maximum Ratings" May cause 
permanent damage to the device. 

2. All voltage are reference to Vgg. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified value are obtained with the output 
open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal ref resh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tf=5ns. 

7. ViflCmin.) and Vj;L(max.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vm and V^. 

8. Measurement with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFF( max *) an( * toEz( max *) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either tRCH or t RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to 
WRITE leading edge in read-modify-write cycles. 

12. t^cs, C RWD» t CWD anc * t AWD are not restrict i ve operating parameters. They are 
included the data sheet as electrical characteristics only. If ty C git W £g (min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high 
impedance) through the entire cycle; If t^ypit^^jjCmin.) , tQfQ^tcypCmin.) and 
t AWD^ t AWD^ m ^ n *) » tne c y c l e is a read-modify-write cycle and data out will contain 
data read from the selected cell: If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the t^p(max.) limit insures that tj^c( max ') can be met< 
tRcj}(max.) is specified as a reference point only: If t RCD is greater than the 
specified tRcpdnax.) limit, then access time is controlled by tc^o 

14. Operation within the tRA£)(max.) limit insures that tRACd^x*) can De met. 
tj^jjdnax.) is specified as a reference point only: If t^yj is greater than the 
specified t R ^])(max.) limit, then access time is controlled by t^A- 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 



READ CYCLE 



ca3 



A0~A8 



WRITE 



OE 



VlH— ' 



VlH 



\ 



[*CRP 



ASR 



VlH 
VlL 



C RC 



m 




: R AS 



t AR 



tCSH 



t RCD 



t RAD 



tASC 



iRAH 



ROW 
ADDRESS 



VlH-7 
VlL " 



m: 



tRCS 




2 



V IH _ 
VlL 



D- 



t CAH 



COLUMN 
ADDRESS 



./ 



t RSH 



•CAS 



£ 



■HP 



7 



C RAL 



tCRP 



\ 



\MMZZZZZZMZZMMM 



t RRH 



V//////////////////////////A^- 



V H — 



WRITE CYCLE (EARLY WRITE) 



-RAC 



OPEN 



tROH 



C CAC 



-CLZ 



IWZMMMMMM 



C RCH 



tQFP 



*OEZ 



VALID DATA-OUT 



> 



:"H"or l 'L ,t 



RAS 



CAS 



VlH 
VlL 

VlH 
VlL 



v 



r^P 



folRP „ 



VlH 
A0~A8 V IL 

VlH 



&§§. 



t RC 



-RAS 



tAR 



tCSH 



C RCD 



tRAH 



tASC 



C RAD 



twcs 



WRITE 



Ol 



l/01~l/04 



V IL 

VlL 

VlH 
VlL 



zWEMMMhi 



'Xhi 



tQAH. 



J WP 



tWCR 



]f 



•RSH 



C CAS 



tRAL- 



:£ 



l RP 



? 



tCRP 



\ 



WZ2^m°ZMMyfflMMMMMMMK 



'CWL 



.tWCH, 



■ M////////////////////////////////////// 



tRWL 



jmmmmm/mm//m//mwwwwt//m//, 



tDS 



tDHR 



^DH 



S 



/ALID DATA-IN 



;?- 



OPEN 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
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WRITE CYCLE (OT CONTROLLED WRITE) 



RA3 



CAS" 



A0~A8 



WRITE 



VlH— ' 
VlL — 



\ 



VlH 
VlL 






t ASR 



VlH— 7 
VlL 



Wffll 



r RC 



tRAS 



C AR 



t CSH 



C RCD 



tRAD 



ROW 
ADDRESS 






'ft: 



C ASC 



t CAH 



COLUMN 
ADDRESS 



ZZWMMMMMm 



V IH 

OE in 

VlL 

I/01-I/04 VlH " 

VlL— . 



w//////////////////r r 



yED, 



^E2 



* 



tRP 



t RSH 



"CAS 



IBALl 



s? 



t CRP 



\ 



\mMMMMMMMK 



'CWL 



^RWL 



t W p 



m////////////////////////////// 



■Cqeh 




7ZZMMMMMMM 



t DH 




> — Mm $zzz^//////////////////////////wm 



:"H"Or"L" 



READ-MODIFY-WRITE CYCLE 



VlH— ■ 
VlL — 



\~ 



GAS 



A0~A8 



WRITE 



VlH 
VlL 



L CRP. 



C RMW 



'RAS 



1AR_ 



t RCD 



t RAH t 



OE~ 



VlH — 
VlL — 

VlH —I 

VlL 



'RAD 



'Q: 



t ASR " t ^j ti t ASC 
v IL /// /^ADDRESa^C//^ . ; 



*CAij 



COLUMN 
ADDRESS 



'AWD 



1* 



tCSH 



'RSH 



^CAS 



L tRP^ 



V 



^RP 



• vmiWDiimmniiimwiiimM 



*CWD 



'RWD 



zWZMMIZZMMh: 



<)EA 



1/01-1/04 VI /° H 
VI/OL 



C RAC 



C CAC 



JCL^ 



/: 



OED 



'OEZ 



/AT VALID J 
V/fl .DATA-OUT, 




^oa 



\ m t WP 



-JCWL J 



t RWL 



'DH 



VALII 
DATA- 



1Z W///////////////// 
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FAST PAGE MODE READ CYCLE 



RA3* 



cas" 



A0~A8 



WRITE 



OB" 



VlH 
VlL 

VlH. 
VlL 

VlH 
VlL 

VlH 
VlL 



VlH 
VlL 



z~ \ 



zr 



t ASR 



zm 



C RASP 



•AR 



tRCD 



-RAD 



Sow" 

ADD 



'rah 



m: 



tRcs 



■mum 



7^2 



: CAS 



t CSH 



t CAH 



COLUMN 
ADDRESS 



tpc 



. ^CP , 



-ASC 



\wb: 



t RCH 



-AA 



t OEA 

: f/M//////r 



tRAC 



'CLZ 



1/01-1/04 V 0H 

Vol 



t CAC 



/ $%»: 



3- 'CI. t CA8 .if— *~-^. tCAS .l/y 



•CAH 



COLUMN 
ADDRESS 



f 



tRCS 




C ASC 



pc 



'AA 



tQEA 



topp 



iQJEi 



;7?^ valhPv 
'i/ a data-out, ? 



t CAC 



: CLZ 



im r/umr 



•RSH 



.'~~\ 



t RP 



C RAL 



t CAH 



COLUMN 
ADDRESS 



^ 



t RCS 



^RI 



'j ^^^y 



: AA „ 



t OEA 



topw 



^QE^ 



-CAC 



; CLZ 



3 .// .DATA-OUT, j""^ > ./A .DATA-OUT. ! 



t RRH 



t RCH 



:^« 



tQEZ 



t 0PP 



:'H"or"L" 



FAST PAGE MODE WRITE CYCLE 



RAS 



CAS 



A0~A8 



WRITE 



VlH 
VlL 



Sz 



VlH 
VlL 



V IH 
VlL 



t ASR. .. 



-RASP 



■AR 



t RCD 



tCSH 



ROW 
ADD 



J=RAU. 



Ol 



I/01-I/04 



VlH 
VlL 

VlH 
VlL 

VlH 
VlL 



t RAH 



tASCl 



:m 



^z 



;CAS 



^CAH^, 



COLUMN 
ADDRESS 



t WCS. 



Vj 



^DHR 



l c D3 



, I ^ t RP > 



tpc 



bsc. 



:wk 



COLUMN 
ADDRESS 



t CWL 



^WCH 



t WP 



C WCS, 



-MZZhz 



FOEH 




tDH 



wm&z^^lwzw. 



•DS 



JCWCH , . 



foAHJ \ASg 

JESS .W/////A . AD 



tRSH . 



I, RSH .. tfin-p 



t RAL 



^CAH. 



COLUMN 
ADDRESS 




t CWL 



t WCS. 



: WP 



:MMz 



j t OEH 



VALID 
DATA-IN 




tfcS 



2 



tCWL 



t RWL 



.twCH 



-WP 



zfflMMML 



itQEH 



tDH 



VALID 
PATA-IH 



W////////////M 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



ras" v ih 

VlL — 



5A3 



'IH — " 
r IL — 



r ASR 



t RASP 



tCSH 



-RCD 



*ra d| \\ 

t RAH 



C ASC 



WRITE 



VlH — 
VlL — 



— ;:: zwrnmrnm.. 



-RCS 



6T V IH 



VlL — 



I/Ol Vl/OH 

1/04 VI/OL 



t PRMW 



-CAS 



•CAH 



C RAC 



C CLZ 



tASC 



C RWD 



-CWD 



-AWD 



A 



-AA 



■PEA 



£S£C_ 



OED 



f t==jrt— zi 



t CAH 



•CWL 



f 



tCPA 



COL 
ADD 



^21 -L 



mMMMmMMMM 



-CWD 



t CWL 



'AWD 



"\ 



t WP 



tQEA 



'CAC 



C DS 



OUT CLZ 



N/ 



C AA 



t OED 




OEZ 



'DS 



J 



t RSH 



'RAL 



iG&H 



t CPA 



CN y 



-DH 



_OUT 



t CLZ 



y c rp \_ 



t CRP 



''CWD 



-AWD 



:u 



OEA 






t AA 



fQCE} 



'RWL. 



-CWL 



t W p 



t OEZ 



t DS 
t DH 



— OUT 



m 



:"H"or"L" 
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I&3 ONLY REFRESH CYCLE 



HaS* 



CA3 



A0-A8 



VlH 

V IH 
VlL 



\ 




t ASR 



VIH— ; 



tRC 



t RAS 



t RAH 



Note: WRITE, OE :'H"or»L 



* RP 



i \ 



t RPC 




wmz^ wiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 



:"H"or l, L" 



CA~S BEFORE RAS REFRESH CYCLE 



RAS 



CAS 



VlH — 



_7. 



tRP 



t RPC 



VlH — 



z^r\ 



t CVH 



£p_F£ 



t 



tQFF 



l/01~l/04 



'OH 

Vol — . 



> 



tRAS 



t CHR 



tRC 



tRP 



■r Jrpc. I > 



tCPN 



\ 



OPEN 



Note: WRITE, OE, AO -v A8 :"H"or"L" 
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HIDDEN REFRESH CYCLE (READ) 



RAS 



CAS" 



A0~A8 



WRITE 



OE 



VlH — 

VlH 
VlL 



:~ ^= 



C CRP 




t ASR, 



vil— — r-* 



t RC 



t RA3 



C AR 



C RCD 



C RAD 



C ASC 



ROW 
ADD 



VlL 



t RAH 



t RCS 




ZWMMj 



■^. 



t CAH 



COLUMN 
ADDRESS 



t RSH^ 



;r~\ 



C RP 



UB2_ 



-RAS 



■ *RP 



: CHR 



/ 



t CRP 



WIIIIIIIIIIIillilillllilllMMIM 



Iaa „ 



ZzwsmmmCi 



I/01-I/04 



Vqh — 



"RAC 



t CAC 



•CL 




tRRH 




'llllllllllllllllllllllllll 



iwiiiiiiiiiiiiuiiiiiiiiiri 



t OEZ 



VALID DATA-OUT 



-OFF 



> 



m--- 



H"or l, L" 
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HIDDEN REFRESH CYCLE (WRITE) 



TTas" 



cas~ 



A0~A8 



WRITE 



OE 



YlH- 
VlL- 

VlH 

VlL — 

,VlH — 
VlH — 



\ 




: ASR 



* RC 



tRAS 



C AR 



•ROD 



C RAD, 



t ASC 



ROW 
ADD 



t RAH 



^ 



'CAH 



COLUMM 
ADDRESS 



t WCS 



VlL— '1 



VlH — ' 
VlL-'. 



I t RP 



t RSH 



EflC 



tWCH 



t WP 



V01~l/04 



VlH 
VlL 



:»; 



t DS 



t DH 



VALID DATA 



t DHR 



t RAS 



I t RF „ 



"CHR 



t CRP 



I 



:"H"or ,t L" 
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CAS before ra"s refresh counter test cycle 



Wa 



ga3" 



A0~A8 



ViH — 

Vih — 



y *CSR 



C RAS 



. l t RP m ■ 



*CHR 



*CPT , 



'IH / 



'IL 



'llllllllllllllillllllllllh 



READ CYCLE 

WRITE 



VlH-7; 
VlL- 



^m 



•asc_ 



'RSH 



C CAS 



£ 



C RAL 



'CAH 



COLUMN 
ADDRESS 




^BCS 



OE 



l/01~l/04 



:! i//f/f////f///«ii - 



V H 



OPEN 



Vol 
WRITE CYCLE 



WRITE 



OE 



::.z w///////////////////m e 



via-;; 

VlH 
VlL 



twos 



t CLZ 



c ROH 



/ »///// 



C RRH 



t RCH 



W 



1, .1*0 



-OEZ 



VALID DATA-OUT ^ 



tRWL 



tGWL 



^WCH 



)PP 



I / /01~l/04 



VlH — 



OPEN 



VlL — 

READ-MODIFY- WRITE CYCLE 



-DS_ 



^DH 



< 



VALID DATA- I 



n 



WRITE 



OE 



V -SH J 

VlL" 



t RCS 



VlH— ' 



'IL" 



C AWD 



J CWD 



ISAOj 



t OEA 



I/O 1~ 1/04 



Vl/OH_ 
Vl/OL 



*CLZ 



"OS 



AoED 



*"CAC 
Zj — * . t PE Z TjDS ^ tpH 



pCWL, 



t RWL 



VALID DATA-OUT 



: ,, H"or"L" 



— A-1 53 



TC514256P/J/Z-85, TC514256P/J/M0 
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OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



20 19 18 17 16 15 .14 13 12 H 

nr-ir- ir-ir-ir-rt— i r-i n n 



B,LO 



uuuuuuuuuu 

12 3456 789 10 



2 47 MAX 



7.6 2± 0.2 5 




o.2 5 i u ; 05 JlV 

' 0-15° 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No. 20 leads. 
—All dimensions are in millimeters. 
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• Plastic SOJ 



/ 



17.0 2 — 17.2 7 



26 25 24 23 22 

n n n n n 



INDEX DOT 



±m 



u u u u 

12 3 4 5 



18 17 16 15 14 

n n n n n. 



u u u u u ■ 

9 10 1112 13 



0.9TYP. 




0.66~0.76 



0.38-0.4811 J Jl-a^TYP . 



9.5 ~ 9.9 



Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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• Plastic ZIP 



Unit in nnn 



26.3MAX 




1 3 5 7 9 11 13 15 17 19 



9 



DTTB 



&=fl 



wro 



2 4 6 8 



12 14, 16 18 ?0 



ZO MAX 



(P^ 



0L25 



+ao7 

-Q05 



L27TYP 



&54TYP 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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TOSHIBA NIOS MEMORY PRODUCT 



262,144 WORDS X 4 BIT DYNAMIC RAM 

SILICON GATE CMOS 

DESCRIPTION 



TC514258P/J/Z-85, TC514258P/J/M0 
TC514258P/J/Z-12 



The TC514258P/J/Z is the new generation dynamic RAM organized 262,144 words by 4 bit, 
The TC514258P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well as ad- 
vanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514258P/J/Z to be packaged in a 
standard 20 pin plastic DIP and 20/26 pin plastic SOJ and 20/19 pin plastic ZIP. The 
package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 

FEATURES 



262,144 words by 4 bit organization 
Fast access time and cycle time 





TC514258P/J/Z-85-10-12 


C RAC RAS Access Time 


85ns 100ns 120ns 


t .. Column Address 
Access Time 


45ns 50ns 60ns 


C CAC CS Access Time 


30ns 30ns 35ns 


C RC Cycle Time 


165ns 190ns 220ns 


j- r Static Column 
b0 Mode Cycle Time 


50ns 55ns 65ns 



Single power supply of 5V±10% with a built-in 
Vbb generator 



Low Power 

413mW MAX. Operating (TC514258P/J/Z-85) 

358mW MAX. Operating (TC514258P/J/Z-10) 

303mW MAX. Operating (TC514258P/J/Z-12) 

5.5mW MAX. Standby 
Outputs unlatched at cycle end allows 

two-dimensional chip select ion 
Read-Modif y-Write , CS~ before RAS refresh, 

RAS-only refresh, Hidden refresh and 

Static Column Mode capability 
All inputs and outputs TTL complatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC514253P 
Plastic SOJ: TC514258J 
Plastic ZIP: TC514258Z 



PIN CONNECTION (TOP VIEW) 



Plastic DIP 



i/oi 

1/02 



N.C. 

AO 
Al 

A2 
A3 

v cc 



20 JVg 3 



1/04 
1/03 



19] 
18 3_ 
17 JC3 
16 30E 
1S]A8 
14lA7 
13 US 
12 US 
11 JA4 



• Plastic SOJ 

lAilQp 
1/02 [2 



W RITE [3 
RASI4 
N.C. £5 



AO 

All 
A2 
A3 1 

VCC 1 



JV SS 
11/04 



[9 

[10 

[11 

[12 

[13 



PIN NAMES 



24 31/33 



jca 
jols 

]A8 
]A7 
IA8 
JAS 
JA4 



A0~A8 


Address Inputs 


RAS" 


Row Address Strobe 


CS 


Chip Select 


WRITE 


Read/ Write Input 


DE 


Output Enable 


I/Ol 0.1/04 


Data Input/Output 


vcc 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 



Plastic ZIP 



OB 

1/03 

V SS 

1/02 

RA3 

AO 

A2 

V C C 
AS 
A7 









1/04 


£ r 6 


1/01 






- J ' R 
-■ 1 LP. 


WRITE 


gc 












^ 


Al 


131 r- 




:-.; ',14 


A3 


15' — ■ 




::-}l6 


A4 


17. r— 

■-1 a.? 


A6 


19j 1— 




" J gu 


A8 



BLOCK DIAGRAM 



V C C Vgg 



1 1 



^ 



MO. 2 CLOCK 
QENERATOR 



A2 1 
A3 1 



-£> 



COLUMN 

ADDRESS 

BUFFERO) 



REFRESH 
CONTROLLER H 



■Q 



REFRESH 
COUNTER (9) 



ROW 
ADDRESS 
^j BUFFER ©) 



raso „ NO. 1 CLOCK ^J 

OENERATOR 



1/01 1/02 1/03 1/04 

MM 



DATA IN 
BUFFER 

3 



DATA OUT 
BUFFER 
» \ /V 



COLUMN 

DECODER 



SENSE AMP 
I/O OATE 



MEMORY 

ARRAY 

512X512X4 



8TJBSTBATS BIAS 
OENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


Vtn 


-1*7 


V 


1 


Output Voltage 


VOUT 


-1*7 


V 


1 


Power Supply Voltage 


vcc 


-1*7 


V 


1 


Operating Temperature 


T OPR 


* 70 


°C 


1 


Storage Temperature 


TSTG 


-55 * 150 


°c 


1 


Soldering Temperature • Time 


TSOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


I OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0<W0°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VIH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0*70 


°C) 










SYMBOL 


PARAMETER 


MIN. 


UNIT 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CS, Address Cycling: tRC =t RC MIN.) 


TC5142 58P/J/Z-85 


- 


75 


mA 


3,4 


TC514258P/J/Z-10 


- 


65 


TC514258F/J./Z-12 


- 


55 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V IH ) 


- 


2 


mA 




*CC3 


RAS" ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CS=V IH : t RC =t RC MIN.) 


TC5l4258P/'J/Z-85 


- 


75 


mA 


3 


TC514258P/J/Z-10 


- 


65 


TC514258P/ / J/'Z-12 


- 


55 


ICC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode 

(RAS=CS=V IL , Address Cycling: tsc=tSC MIN.) 


TC514258P/J/Z-85 


- 


75 


mA 


3 » 4 


TC514258P/J/Z-10 


- 


65 


TC514258P/J/Z-12 


- 


55 


X CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=VCC-0.2V) 


- 


1 


mA 




I CC6 


CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling: tRc=t RC MIN.) 


TC5142 58P/J/Z-95 


- 


75 


mA 


3 


TC514258P/J/Z-10 


- 


65 


TC514258P/J/Z-12 


- 


55 


Il(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0VgVijj<L6. 5V, All Other 

Pins Not Under Test = OV 


-10 


10 


PA 




IO(L) 


OUTPUT LEAKAGE CURRENT 

(DOUT is disable, 0V^VoUT=5.5V 


-10 


10 


UA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (I UT=-5mA) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IquT = 4 • 2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


rC514258P/VZ-85 


TC514258P/VZ-0D 


TC514258P/VZ-32 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


165 


- 


190 


- 


220 


- 


ns 




C RMW 


Read-Modify-Write Cycle Time 


225 


- 


255 


- 


295 


- 


ns 




C SC 


Static Column Mode Cycle Time 


50 


- 


55 


- 


65 


- 


ns 




C SRMW 


Static Column Mode Read-Modify- 
Write Cycle Time 


110 


- 


115 


- 


135 


- 


ns 




tRAC 


Access Time from RAS 


- 


85 


- 


100 


- 


120 


ns 


8,13 


tCAC 


Access Time from CS* 


- 


30 


- 


30 


- 


35 


ns 


8,13 


tAA 


Access Time from Column Address 


- 


45 


- 


50 


- 


60 


ns 


8,14 


C ALW 


Access Time from Last Write 


- 


85 


- 


95 


- 


115 


ns 


8,15 


C CLZ 


CS to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


8 


tOFF 


Output Buffer Turn-off Delay 





30 





30 





35 


ns 


9 


c AOH 


Output Data Hold Time from 
Column Address 


5 


- 


5 


- 


5 


- 


ns 




t OW 


Output Data Enable Time from 


- 


30 


- 


30 


- 


35 


ns 




WRITE 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


70 


- 


80 


- 


90 


- 


ns 




CRAS 


RAS" Pulse Width 


85 


10,000 


100 


10,000 


120 


10,000 


ns 




t RASC 


RAS Pulse Width (Static Column 
Mode) 


85 


100,000 


100 


100,000 


120 


100,000 


ns 




C RSH 


CS to RAS" Hold Time 


30 


- 


30 


- 


35 


- 


ns 




t CSH 


RAS" to CS Hold Time 


85 


- 


100 


- 


120 


- 


ns 




t CS 


C1T Pulse Width 


30 


10,000 


30 


10,000 


35 


10,000 


ns 




t CSC 


CS" Pulse Width (Static Column 
Mode) 


30 


100,000 


30 


100,000 


35 


100,000 


ns 




tRCD 


RAS" to CU Delay Time 


25 


55 


25 


70 


25 


85 


ns 


13 


tRAD 


RAS to Column Address Delay Time 


20 


40 


20 


50 


20 


60 


ns 


14 


C CRP 


CS to RAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




tCPN 


CS" Precharge Time 


15 


- 


15 


- 


20 


- 


ns 




C CP 


C*S Precharge Time 
(Static Column Mode) 


10 


- 


10 


- 


15 


- 


ns 




t kSR 


Row Address Set-up Time 





- 





- 





- 


ns 




t RAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




C ASC 


Column Address Set-up Time 





- 





- 





- 


ns 




C CAH 


Column Address Hold Time 


20 


- 


20 


- 


25 


- 


ns 




tAWR 


Write Address Hold Time Refer- 
enced to RAS 


65 


- 


75 


- 


90 


- 


ns 




C AR 


Column Address Hold Time 
Referenced to RAS 


100 


- 


115 


- 


140 


- 


ns 




C RAL 


Column Address to RAS Lead Time 


A5 


- 


50 


- 


60 


- 


ns 




C AH 


Column Address Hold Time 
Referenced to RAS Rise 


10 


- 


10 


- 


15 


- 


ns 


16 


C LWAD 


Last Write to Column Address 
Delay Time 


25 


40 


25 


45 


30 


55 


ns 


17 
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SYMBOL 


PARAMETER 


TC514258P/J/Z-85 


TC514258P/J/Z-1C TC514258R/J/Z-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tAHLW 


Last Write to Column Address 
Hold Time 


85 




95 


- 


115 


- 


ns 




tRCS 


Read Command Set-up Time 
Referenced to CS 





- 





- 





- 


ns 




t RCH 


Read Command Hold Time 
Referenced to CS 





- 





- 





- 


ns 


10 


C RRH 


Read Command Hold Time 
Referenced to RAS 





- 





- 





- 


ns 


10 


C WH 


Write Command Hold Time 
(Output Data Disable) 





- 





- 





- 


ns 


12 


C WCR 


Write Command Hold Time 
Referenced to RAS 


65 


- 


75 


- 


90 


- 


ns 




twp 


WRITE Pulse Width 


20 


' - 


20 


- 


25 


- 


ns 




C WI 


WRITE Inactive Time 


10 


- 


10 


- 


15 


- 


ns 




C RWL 


WRITE Command to RAS Lead Time 


20 


- 


25 


- 


30 


- 


ns 




tCWL 


WRITE Command to CS Lead Time 


20 


- 


25 


- 


30 


- 


ns 




C DS 


Data-in Set-Up Time 





- 





- 





- 


ns 


11 


C DH 


Data-in Hold Time 


20 


- 


20 


- 


25 


- 


ns 


11 


tDHR 


Data-in Hold Time Referenced 
to RAS 


65 


- 


75 


- 


90 


- 


ns 




C REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




c ws 


WRITE Command Set-Up Time 
(Output Data Disable) 





- 





- 





- 


ns 


12 


C CWD 


CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 


65 


- 


65 


- 


75 


- 


ns • 


12 


C RWD 


RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 


120 ^ 


- 


135 


- 


160 


- 


ns 


12 


C AWD 


Column Address to WRITE Delay 
Time 


80 


- 


85 


- 


100 


- 


ns 


12 


t CSR 


CS Set-Up Time (CS before RAS) 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CS" Hold Time (CS" before RAS) 


30 


_ 


30 


_ 


30 


- 


ns 




C RPC 


RAS to CS" Precharge Time 





- ■ 





- 





- 


ns 




C CPT 


CS" Precharge Time (CS before 
RAS counter Test Cycle) 


50 


- 


50 


- 


60 


- 


ns 




c ROH 


RAS Hold Time Referenced to OE 


20 


- 


20 


- 


20 


- 


ns 




. -t OEA 


Ol Access Time 


- 


30 


- 


35 


_ 


45 


ns 




c OED 


6E to Data Delay 


25 


_ 


25 


_ 


30 


_ 


ns 




c OEZ 


Output Buffer turn off Delay 
Time from OE" 





25 





25 





30 


ns 


9 


c OEH 


OE Command Hold Time 


25 


- 


25 


- 


30 


- 


ns 
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CAPACITANCE (V C c=5V±10%, £=lMHz, Ta=0 ■WO°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


cu 


Input Capacitance (Ao^As) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CS, WRITE, OE) 


- 


7 


CO 


Output Capacitance (I/Oi ^ 1/04) 


- 


7 



•NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgg. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t-p=5ns. 

7. Vjjj(min.) and ViL(max.) are reference levels for measuring timing of input 
signals. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. t 0F p(max.) and tQEz( max «) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either tg^H or tj^jj must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modify-Write cycles. 

12. t W g, t^n, tRWD, t^fl) and t^wD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If t W g^t^g (min . ) , the 
cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) through the entire cycle; If t£w])it RWD (min. ) , tcwD^tcwi)(min.) and 
t AWD^ t AWD( m i r1, ) » tne cycle is a Read-Modify-Write cycle and the data out will con- 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRcr)(max.) limit insures that tj^c(max.) can be met. 
tRd)(max.) is specified as a reference point only: Iftg£D is greater than the 
specified tRCD(max-) limit, then access time is controlled by tcAC* 

14. Operation within the tj^y)(max.) limit insures that t^c^^x-) can De met. 
tj^j)(max.) is specified as a reference point only: If tj^jj is greater than the 
specified tR^i)(max.) limit, then access time is controlled by t^. 

15. Operation within the tLWAT)(max.) limit insures that t^Lydnax.) can be met. ^LWAD 
(max.) is specified as a reference point only: If tLWAD i s greater than the speci- 
fied tLWAD(max.) limit, then access time is controlled exclusively by t^A- 

16. t^jj is the condition to latch column address when RAS has rised up. 
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READ CYCLE 



tRc 




OE 



I/O 1-1/0 4 



'IH 



'IH 



'■DHR 



'DS 



\ r^>- 



-DH 



-< VALID DATA-I^V 



•OPEN 
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WRITE CYCLE (OE CONTROLLED WRITE) 



RAS 



CS 



A0—A8 



WRITE 



OE 



I/01~L/0 4 



READ-MODIFY-URITE CYCLE 




P7ZI :"H"or l, L" 



HAS 



CS 



A0~A8 



WRITE 



OE 



'IH 
r IL 



VlH 
V IL 

VlH 
V IL 



'IH 



\ 



^RP 



^SR 



RM 



b RAS 



'RCD 



t RAD 



'RAH 



ROW 

AD DRESS 



!RAL_ 



1CJ3IL. 



V 



'ASC 



t RSH 



C CS 



3 AH, 



COLUMN ADDRESS 




„ t RP . 



TRP 



zT 



tcWD 



r RWD 



S AWD 



;= :»///////////M 



I/O 1-1/0 4, 



V I/OH 
v L/OL 



C RAC 



'CAC 



^OEA 



-k 



1 



'OED 



"CL^ 



VALID 
3ATA-0UT 




'DS 



C CWL 



■crwl 



-I 



C WP 



C DH 



VALID 
DATA-IN 
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STATIC COLUMN MODE READ CYCLE 



tRP 



RAS 



A0~A8 



CS 



WRITE 



OE 



I/01--I/04 ° H 

Vol 




VALID DATA VALID DATA 

///] :'»H"or"L" 



m 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



RAS 



V IH — 



V 



^ASR 



AO— A8 


VlH 




VlL 


GS" 


VlH 




▼IL 




^TH 


WRITE 






VlL 


OF 


VlH 
VlL 


I/O l~X/0 4 


VlH 



C RASC 



C RP 



^RAD 



tRAH 



ROW 
ADDRESS 



t AWR 



t RCD 



TlCSJ/ 



t WS 



^OAH 



:fflj^i(=ii a( / f////ff/ 



C RAL 



C CP 



'SC 



t W p 



t WH 



£ 



v_/~\ 



t RSH 



^CWL 



C RWL 



M f 



C DHR 



'IL 



-DS 



zmMMiM^imMym. 



"DH 



-CRP 



^^ :"H"or"L" 
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STATIC COLUMN MODE READ-MOD IFY-WRITE CYCLE 



RAS 



cs 



WRITE 



OE 



t RP 



'IH 



'IL 



\ 



^ASR 



'IL 

VlH — ' 
VlL — 



t RASC 



C RAH 



A0-A8 ^ IH _J/} £j^l$ 7fy i COLUMN ADDRESS W /fy _ COLUMN ADDRES 



V IL — 

VlH — 
VlL — i 



voi—vo* 



'VOH — 

'1/0L — 



*RAD 



tRCD 



t ASC t CAH 



t SRMW 



^ 



tQWD 



t AWD 



t RWD 



^ 



A 



C RAC 



^ED 



CGAC 



tCL2 



PEA 



•AA 



C DEZ 



C LWAD 



%P 



c OEH 



t ALW 



tDS 



C RAL 



'AWD 




W 



■Caa 



t ow 



t DH I^EA 



tQED 



tQEZ 



n^t^McymMMim 



VALID 
DATA-OUT 



VALID 
DATA-OUT 



7 /^/ / :"H"or"L" 



— A-1 66 — 



TC514258P/J/Z-85, TG514258P/J/Z-10 
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STATIC COLUMN MODE READ /WRITE MIXED CYCLE 



RAS 



A0-A8 



CS 



WRITE 



OE 



VlH — 

VlL — 



E -TM 



VlH 
V IL 



'IH 
r IL 



VlH ~l 



I/01~I/04 Vl:/0H 
Vl/OL 



C ASC 



COLUMN 
ADDRESS 



'CLZ 



^EA 



'CAC 



COLUMN 
ADDRESS 



tASC 



L AWD 



t CWD 



-AOH 



r 

r DS 



'OED 



VALID 
DATA 




"\ 



J CAH 



MJim r^rm iMi, 



t LWAD 



^AHLW 



"WP 



:l 



C ALW 



t OW 



- c OEH 



''DH 



VALID 
[DATA-IN 



c OEA 



t AOH 



VT A DA V TA L -OUT W /lll, 



(READ) 



(WRITE) 



(READ) 



:"H"or"L'* 
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TC514258P/J/Z-I2 



RAS ONLY REFRESH CYCLE 



RAS 



CS 



A0~A8 



V IH 



"t 



t CRP 



:Z7 



: ASR 



V IH — * 



VlL 



C RC 



t RAS 



-jum^mmil 



'RAH 



Notes: WRITE, OE :'H"or»L 



f 



t RP 



t RPG 




K 



•H"or"L" 



CS BEFORE RAS REFRESH CYCLE 



RAS 



V IH J 



t RP 



t RPC 



VlH 



I/O 1-1/04 



VlL 

V H — ' 

Vol — • 



:ZT1 



t CPN 



t CSR 



t RC 



tRAS 



tCHR 



/ 



tQPP 



> 



OPEN 



tRP 



Y 



Note: WRITE, OE, AO ^A8 :"H"or"L« 
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HIDDEN REFRESH CYCLE (READ) 



RAS 



CS 



A0—A8 



WRITE 



OE 



'IH 



'IL 



\| 



^RPl 



VlH • 

VlL — - 

V IH • 

V IL " 



C ASR 






5/01-1/04 



VlH — 



'IL 



'OH 



'OL 



C RC 



t RAS 



,1 S T, t RAS 



C AR 



^RCD 



t RAD 



t ASC 



t RAH 



ROW 
ADD 



'RCS 



t RSH 



C RAL 



t RP 



L RC 



COLUMN ADDRESS 



t AA 



tQEA 



t RAC 



t ROH 



t CAC 



C CLZ 



^HR 



t AH 



1 



'RRH 



X 



*OEZ 



VALID DATA-OUT 



C RP 



'CRP 



t FF 



} 



\ 



'I 



m 



"^/\ :"H ,| or"L" 
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HIDDEN REFRESH CYCLE (WRITE) 



RAS 



v cs 



A0~A8 



WRITE 



V IL 
V IH 



ZS: 



t CRP 



V IL 

VlL 



t ASR 



t RC 



tRAS 



-AWR 



C RCD 



-RAD 



C ASC 



ROW 
ADD 



VlH —Tj 
VIL — U 



OE 



I/O 1-1/0 4 



VlH — 
VlL 

' T 1R — 



-RAH 



\ 



%S 



'RSH 



C RF 



t RWL 



'DS 



t DHR 



'DH 



\ VALID DATA-IN \ 



C RC 



t RP 



\ 



t RAS 



t CHR 



'CRP 



m^ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



C WH 



M 



OPEN 



^| :"H"or»L" 



\ 



- iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimm 
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C~3 BEFORE. RAS REFRESH COUNTER TEST CYCLE 



RAS 



cs 



VlH — ' 



1 



VlH 



■ JC3R 



C RAS 



7 



tCHR 



t CPT 



READ CYCLE 

'— £ ZWZZZJZMMMM 

t RCS 
WRITE 



t ASC 



^ 



C RSH 



t CS 



a' 



t RAL 



t RP 



-CRP 



t AH 



COLUMN ADDRESS 



% zmSMMZM 




'AA 



•CAC 



OE* 



I/O l~I/0 4 



WRITE CYCLE 



A0~A8 



£ Z W//////////////////////////////A : 



V H — 

Vol — " 

Vih —7 

V IL 



OPEN 



7MMMMMM, 



tASC 



c ROH 



tCLZ 



tQEA 



wmwww, 



'"WW/ 



-RCH 



tQFP 



tQEZ 



VALID DATA-OUT 



'CAH 



COLUMN 
ADDRESS 



%S 



WRITE 



VlH 
VlL 



W/////////////////////h r 



Vih —7 

VI L 



> 



:mMZZMMMMM 



''WP 



C WH 



4<^K 



m/////////////////////i//)//i)!))///i)ii/ii/i!/iii//)i///i//n////h 



I/01-L/0 4 



f IH 



VlL — 
READ-MODIFY-WRITE CYCLE 

VlH 



-OPEN 



'DS 



"DH 



£ 



VALID DATA 



A0-A8 



WRITE 



OE" 



'IL 



V IH 
VlL 



tASC 



Hl} 



'CAH 



4 



: f///////////////// a : oq™ ^ w///////////m 



tRCS 



7///////////////////////A 



VlH —777777 



C CWD 



\ r^////////////m 



tAWD 



tQEA 



'IL 



f/f/f/f/////Mi " 



'AA 



"CLZ 



I/O 1-1/0 4 Vl /0H 

Vol 



AqED 



■0E2 



:H!i 



tDS 



•CWL 



C RWL 



C DH 



, VALID 
^DATA-IN, 



'H"or"L" 



VALID DATA-OUT 
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OUTLINE DRAWINGS 



Plastic DIP 



20 19 18 17 16 15 14 13 12 11 

nr-tr—ir-ir— ir-ir-ir-ii— in 



123 4567 89 10 



2 47 MAX 




Unit in mm 



7.62±0.25 



0.25_o.05 



& 



0-15° 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No. 20 leads. 
All dimensions are in millimeters. 
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Plastic SOJ 



Unit in mm 



/ 



17.0 2 — 17.2 7 



26 25 24 23 22 

n n n n n 



INDEX DOT 



& 



u u u u 

12 3 4 5 



18 17 16 15 14 

n n n n n 



uu uu u 

9 10 11 12 13 



0.9 TYP. 



1 




f¥ 








-# 




^ 


to 


S 


ID 

I 






CJ 


co 


00 






-# 


-<# 


a5 




i ^ 








Sd 











0.66—0.76 



0.38^0.4811 | [1-27TYP . 



9.5 ~ 9.9 



4. 



Note: Each lead pitch 1.27mm. All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
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. Plastic ZIP 



26.3MAX 



INDEX DOT 



</ 



V V 



VVVVVV V V V V V V V VVv 

0.5 ±ai I I 127 TIP. 



1 3 5 7 9 11 13 15 17 19 



ffi 



rro 



wro 



Unit in ram 




8 4 6 8 12 14 16 18 20 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any 
circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 



1,048,576 WORDS X 8 BIT 
DYNAMIC RAM MODULE 



THM81000S/L-10/12 



DESCRIPTION! 



The THM81000S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pes of TC511000J on the printed circuit board. 

The THM81000S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 



FEATURES 



1,048,576 words by 8 bits organization 
Fast access time 





THM81000S/L-10 


THM81000S/L-12 


t RAC RAS Access Time 


100ns 


120ns 


t^A Column Address Access Time 


50ns 


60ns 


tCAC CAS" Access Time 


35ns 


45ns 


t RC Cycle Time 


190ns 


220ns 


C PC Fast Page Mode Cycle Time 


55ns 


70ns 



Single power supply of 5V+10% 

Low power 

2,640mW MAX. Operating (THM81000S/L-10) 
2,200mW MAX. Operating (THM81000S/L-12) 

44mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, 
capability. 

All inputs and outputs TTL compatible 

512 refresh cycles/8ms 



Hidden refresh, and Fast Page Mode 



PIN CONNECTION 



(TOP VIEW) 



vec 


(1) 


CAS 


(3) 


DQ,0 


A0 


< 4- ; 


Al 


(a) 


Dftl 


<fij 


A2 


(7) 


A3 


<r; 


VSS 


o: 


D0,2 ( 


10) 


A4 ( 


-1~L( 


A5 


12! 


DQ3 ( 


13; 


A6 


u; 


A7 


it>, 


DQ,4 


16; 


A8 


17) 


A9 


is; 


N.C. 


19; 


DQ 5 


20 ) 


W 


21. 


VSS 


22 


DG6 


23, 


N.C. 


24 


DQ,7 


25 


N.C. 


26, 


RAS 


27) 


N.C. 


28 


N.C. 


29 


VCC 


,30 J 





^ o 






L) 




D 

a 
a 
a 
a 

D 

□ 
a 

D 
D 
D 

o 
a 
a 
a 
o 
□ 
a 
□ 
a 
a 
a 
a 

D 

a 
a 
























o 



PIN NAMES 








A0 ^9 


Address Inputs 


DQ0 ^7 


Data Input/Outputs 


CAS 


Column Address Strobe 


RAS 


Row Address Strobe 


¥ 


Read/Write Input 


vec 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 



— A-1 75 — 



THM81000S/L-10/12 



BLOCK DIAGRAM 



DQ,0 O- 



DQ.1 O 



DQ,2 O- 



X,3 O 



AO— A 9 C 



HAS O- 
CAS O- 



WRITEO 



v cc ^ 



3 

-c 
-c 



D 
A0~A9 

RAS 
CAS 



WRITE 



HI- 



D 
A0~A9 

RAS 



,-jf-, 



3 



A0~A9 

ra3 

~ CJCAS 



WRITE 



P 

-C 



HI- 



D 

AO— A9 
RAS 
AS 



WRITE 



HH 



EQ,4 O 



E-Q5 O- 



,6 ^ 



— O 



D J, 

AO— A9 

RAS 

CAS 

WRITE 



H| _, 



^> 



— o 



WRITS 



^ 



HH 



D 

A0 — A9 

RAS 

•Tas 



WRITE 



— 



HI-' 



AO— j 
RAS" 
CAS" 



WRITI 



HI-' 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1 'W 


V 


1 


Output Voltage 


VOUT 


-1^7 


V 


1 


Power Supply Voltage 


v C c 


-1 'W 


V 


1 


Operating Temperature 


T OPR 


'WO 


°C 


1 


Storage Temperature 


T STG 


-55 ^125 


°C 


1 


Soldering Temperature . Time 


TSOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


4.8 


W 


1 


Short Circuit Output Current 


*OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


v C c 


Supply Voltage 


4.5 


5.0 


5. 5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


V IL 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0 ^70° 


O 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) 


THM81000S/L-1C 


- 


480 


mA 


3, 4 


THM81000S/L-12 


- 


400 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS"=V IH ) 


- 


16 


mA 




X CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS"=V IH : t RC =t RC MIN.) 


THM81000S/L-1C 


- 


480 


mA 


3 


THM81000S/L-12 


- 


400 


ICC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS-V IL , CAS Address Cycling: tpc=tpc MIN.) 


THM81000S/L-10 


- 


320 


mA 


3, 4 


THM81000S/L-12 


- 


240 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V CC -0.2V) 


- 


8 


mA 




X CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: t RC =tRC MIN.) 


THM81000S/L-10 


- 


480 


mA 


3 


THM81000S/L-12 




400 


^(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < V IN 16.5V, All Other Pins not under Test=0V) 


-80 


80 


UA 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, 0V g VouT ^ 5. 5V) 


-20 


20 


uk 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (IoUT=-5mA) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC 



OPERATING CONDITIONS 
(V CC =5V±10%, Ta=0^70°C) (Notes 5, 



6, 7) 



SYMBOL 


PARAMETER 


TKM81000S/L-10 


THM81000S/L-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


190 




220 




ns 




C PC 


Fast Page Mode Cycle Time 


55 




70 




ns 




fc RAC 


Access Time from RAS 




100 




120 


ns 


8, 13 


tCAC 


Access Time from CAS 




35 




45 


ns 


8, 13 


fc AA 


Access Time from Column Address 




50 




60 


ns 


8, 14 


t CPA 


Access Time from CAS Precharge 




50 




65 


ns 


8 


t CLZ 


CAS to Output in Low-Z 


5 




5 




ns 


8 


c OFF 


Output Buffer Turn-off Delay 





30 





35 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


80 




90. 




ns 




tRAS 


RAS" Pulse Width 


100 


10,000 


120 


10,000 


ns 




t RASP 


RAS Pulse Width (Fast Page Mode) 


100 


100,000 


120 


100,000 


ns 




t RSH 


RAS Hold Time 


35 




45 




ns 




t CSH 


CAS Hold Time 


100 




120 




ns 




C CAS 


CAS Pulse Width 


35 




45 




ns 




C RCD 


RAS to CAS Delay Time 


25 


65 


25 


75 


ns 


13 


t RAD 


RAS to Column Address Delay Time 


20 


50 


20 


60 


ns 


14 


t CRP 


CAS to RAS Precharge Time 


10 




10 




ns 




t CP 


CAS Precharge Time (Fast Page Mode) 


10 




15 




ns 




^SR 


Row Address Set-Up Time 












ns 




t RAH 


Row Address Hold Time 


15 




15 




ns 




^SC 


Column Address Set-Up Time 












ns 




t CAH 


Column Address Hold Time 


20 


> 


25 




ns 




t AR 


Column Address Hold Time referenced 
to RAS 


75 




90 




ns 




C RAL 


Column Address to RAS Lead Time 


50 




60 




ns 




tRCS 


Read Command Set-Up Time 












ns 




tRCH 


Read Command Hold Time 












ns 


10 
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ELECTRICAL CHARACTERISTIC AND RECOMMENDED AC OPERATING 


CONDITIONS (Continued) 




SYMBOL 


PARAMETER 


THM81000S/L-10 


THM81000S/L-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


C RRH 


Read Command Hold Time referenced 
to R5S 












ns 


10 


t WCH 


Write Command Hold Time 


20 




25 




ns 




C WCR 


Write Command Hold Time referenced 
to RAS 


75 




90 




ns 




C WP 


Write Command Pulse Width 


20 




25 




ns 




tRWL 


Write Command to RAS Lead Time 


25 




30 




ns 




C CWL 


Write Command to CAS Lead Time 


25 




30 




ns 




C DS 


Data Set-Up Time 












ns 


11 


C DH 


Data Hold Time 


20 




25 




ns 


11 


t DHR 


Data Hold Time referenced to RAS 


75 




90 




ns 




tREF 


Refresh Period 




8 




8 


ms 




twcs 


Write Command Set-Up Time 












ns 


12 


C CSR 


CAS - Set-Up Time (CAS before RA~3 Cycle) 


10 




10 




ns 




C CHR 


CAS Hold Time (CAS before RAS Cycle) 


30 




30 




ns 




tRPC 


RAS to CAS Precharge Time 












ns 




C CPT 


CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 


50 




60 




ns 




C CPN 


CAS Precharge Time 


15 




20 




ns 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A9, ¥, CAS, RAS) 




60 


P F 


CDQ 


I/O Capacitance (T)Q0 ^DQ7) 




15 


pF 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs- 

3 - I CC1» I CC3» I CC4> I CC6 depend on cycle rate. 

^' ■'-CCl' *CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tx=5ns. 

7. Vidian.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tgpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^^ or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. tycs is not restrictive operating parameters. This is included the data' sheet 
as electrical characteristics only. If t^cs itycs( m i n *)> tne c y c l e is an early 
write cycle and data out pin will remain open circuit (high impedance) . 

13. Operation within the tj^Qj)(max.) limit insures that tp^c(max.) can be met. 
t£cn(max.) is specified as a reference point only: If t^p is greater than 
the specified t^pCmax.) limit, then access time is controlled by tQ^Q. 

14. Operation within the t^n(max.) limit insures that tj^-Cmax.) can be met. 
tRAn(max.) is specified as a reference point only: If tj^ D is greater than the 
specified tj^pCmax.) limit, then access time is controlled by t^. 
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READ CYCLE 



THM81000S/L-10/12 



'IH 



^CRPj f- 



C RCD 



r RC 



tRA£ 



C CSH 



r 



-RAD 



^ASC | 



! ' i 



VlL 



: CRP 



/ A 



COLUMN 



/ //////////////////, 



t RCS 



! i 



- 77777777777777. 



D OUT 



V IL 



'OH 



v OL 



wzzw 



r— 



■tRAC 



OPEN 



^RCH 



:RRH 



l ChZ 



It 



VALID DATA 



Don't Care 
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EARLY WRITE CYCLE 



















t RC 














t RP 
t RA3 — 






-V - 






ViH 

HAS 

Vtt 


- "\ 


r 

^CRP^ 






t RCD t RSH 










t CSH 












t CAS 






CAS VlH 

V IL 


= I7~ 

t ASR 


t AR 


\N 


L j r 


















J t RAD 






t RAL 






r RAH 




r ASC 




t CAH ii 










-W 


\ 


m 




A0~A 9 V IH 

V IL 


ROW 


COLUMN 


W////////////////// / 
















t CWL 










t WCR 














C WCS 




t WCH 






t WF 




V T TT 

WRITE 

VlL 


- W////////M 


t- 






IT///////////////, 












t RWL 






r D 


s 




t DH 






)? 








VlH 
D IN 

Vil 


~ '///////////////, 


VALID DATA 


w/////////////////, 








1, 


*E 


HR 





'OH 



J OUT 



OPEN 



Y//\ '• Don't Care 
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FAST PAGE MODE READ CYCLE 



RAS 



'IH 

r IL 



: CRP 



CAS 



4 A 9 



'IH 



VlH 



'IL 



°ASR 



L RASP 



/ 



-C-SH 



t AR 



RAH 'ASC 



ROW 



WRITE 



V IH — T 



-RAD 



t RC_S_ 



7 



'CP 



r 



COL 



^AH 



U ASC 



^n a n v 



t RAC 



D OUT 



'OH 



'OL 



-CLZ 



C RCH 



C PC 



CAS U CP 



r^u 



CAH 



n 



t.or 



C RSH 



'RAL 



L CAH 



COL 



'RP 



RCS 



''Pap v i u r 



*ALID| 
DATA 



^ 



t FF 

r 



"RCH ^ 



RCS 



1~— 



^RCH^ 



/ValidT 

\ DATA / 



, toPF 

u.7 * 1 — r 



zzzzM 

tRRH 



ALID 
DATA 



J ^OFF 
|t= CLZ *' '" 



> 



//// : Don't Care 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



VlL 



'IH 



t CRP 



C ASR 



i ~A 9 



r iH — 7" 



Din 



tRASP 



/ 



\\_/\w 



: AR 



'RAH L ASC 



C RAD 



COL 



'WCR 



&: 



t wcs 



t DS 



'CAH 



: PC 



t CAS t CP 



ASC 



COL 



-CAH 



%CH 



'Ml 



%cs 



J DH ^DE 



*DHR 



tRSH 



tCAS 



/ 



■tRAL 




C CRP 



'CAH 



%CH 



L WCS 



DH ^DS 



77V VALID DATA ^//^VALID DATA^/^VALID DATA ^1/ //////// , 



-V/CH 



M 



a 



J OUT 



'OH 



Vol 



OPEN 



: Don't Care 
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RAS ONLY REFRESH CYCLE 



THM81000S/L-10/12 



RAS 



'IH 



t C RP j 



VlL 



ZJ 



t ASR 



A ~A 8 



VlH — 

VlL ■ 




C RAH 



-RC 



-RA£ 



^r 



'-RP 



h^—1 



'///////////////. 



D OUT 



'OH 



'OL 



I Don't Care 



Note: WRrrE=Don't care, A9=Don't care 
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CAS BEFORE RAS REFRESH CYCLE 



'IH 



VlL 



t RPC 



I* 



[ tgpfl t 



-CSR 



h- 



C RC 



tRA'S 



-CHR 



~1 



itQFF 



D OUT 



VOH — ' 



> 



OPEN 



."Don't Care 



Note: WRITE=Don't care, AO ^ A9=Don * t care 
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HIDDEN REFRESH CYCLE (READ) 



4 A 9 



'IH 



'IL 



'IH 



'IL 



V IH 
VlL 



C CRP 



:7 



''RC 



-RAS 



/ \ 



C ASR 



'IH 



'IL 



'OH 



7/ 



vol — 



t RAD 



C RAH ^SC 



jM^ ym^^W / 



U RCS 



-RSH 



°RAL 



w 



-RAC 



b CL2 



Y 



: CHR 



^RH 



^ 



VALID DATA 



/ 



; OFF 



'/ 



> 



: Don't Care 
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HIDDEN REFRESH CYCLE (WRITE) 



VlL 



'IH 



\ 



r CRP 



V IL — 



'IH 



tRAS 



-RCD ^RSH 



•RAH 



RCW 



-RAD .. 



'RAL 



: CAH 



COLUMN 



C WCR 



WRITE 



Z WMM : 



J1C s_ 



-TN 



V IH — Z 



'IL 



t RP 



w 



C RAS 



'CHR 



V/////////////////////7), 



tRWL 



"WCH 



*- !/////////////////////////, 



V 



tDHR 



WJEE^MMMMM 



/////f 



J OUT 



'OH 



OPEN 



\///\ : Don't Care 



— A-1 88 — 



THM81 OOOS/L-1 0/1 2 



CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



V IH 
VlL 

VlH 

VlL 



^CSR 



z RAS 



t CHR 



V 



A ~ A 9 



IH 



'IL 



READ CYCLE 

V. 



'CUT 



OH 



VOL 



Vth — //////. 



V IL 

WRITE CYCLE 

v 0H 



J OUT 



WRITE 



vol 



'IH 



'IL 



'IH 



A 



777a 



'CPT 



.//////////////// 



A% 



x kSQ 



t RSH 



tCAS 



: CAH 



/ 



: RP 



COLUMN 



mm' 



t CAC 



14A. 



L RCS I rc 



Vt- 



M r 



77 



twcs 



&I 



-RAL 



VALID DATA 



V)FF 

> 



OPEN 



t CWL 



^RRH 



-RCH 



m 



j 



i r WP 



'///////////////, 



VALID DATA 



•'//////////////A 
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OUTLINE DRAWINGS 



THM81000S 



Unit in mm 



<3+- 

■H 

m 

«3 



O; 



[icinnnnnnnnnnnnnnnnnnnnnnnnnnan 



8a90±Q13 



7 5. 9 5 max . 



2.5 4 



THM81000L 



8 2.14 ± ai3 




508max. 

























8 2.14 


± a3 
































t 

t 

c 
c 




























1 1 
ii 

it 




i 
i 
i 
> 


w 


< 




t 




























it 




i 


d 


S 






































+1 
o 


to 




t 




























ii 




i 

i 


N 
































ii 




i 




































■ i 




i 


w 




' 


4 




























ii 




> 




p 


HH 


> 


TOW 


7 


Wfl 


{ 


KKK" 


H 


TOW 


H 


X 


W 


w 


TOW 


[/■ 


TOtf 


H 






II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


Till II 


I II 1 










2.5 4 


a5±ai 












7366±0.3 





















































50 8 MAX. 



+0.15 
0.25-0.15 
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DESCRIPTION 



The THM91000S/L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pes of TC511000J on the printed circuit board. 

The THM91000S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 

I features! 



• 1,048,576 words by 9 bits organization 

* Fast access time 





THM91000S/L-10 


THM910005/L-12 


tRAC RAS Access Time 


100ns 


120ns 


f-AA Column Address Access Time 


50ns 


60ns 


fc CAC CAS Access Time 


35ns 


45ns 


tRC Cycle Time 


190ns 


220ns 


tpc Fast Page Mode Cycle Time 


55ns 


70ns 



Single power supply of 5V+10Z 

Low power 

2,970 mW MAX. Operating (THM91000S/L-10) 
2,475 mW MAX. Operating (THM91000S/L-12) 

49.5 mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, 
capability. 

All inputs and outputs TTL compatible 

512 refresh cycles/8ms 



Hidden refresh, and Fast Page Mode 



[PIN CONNECTION I 
(TOP VIEW) 



VGO 

0A3 

DQ.0 

AO 

Al 

DQ.1 

A2 

A3 

VSS 



1X12 (10 
A4 (11 



A5 

DQ.3 

A6 

A7 

DQ.4 

A3 

A9 

N.C. 

DQ.5 

¥ 

VSS 

DQ,6 

N.C. 

Dq,7 



(12, 

13. 
.14. 

15, 
.16. 
.17. 
.13. 
.19. 

20, 
.21. 

22. 

23. 

24 

25. 
.26. 
.27. 



CAS8(28. 
D8 (29. 
VCG (30 





-'o 


a 
a 
a 
a 
a 

D 

a 

D 

□ 
□ 

□ 
□ 
a 
a 
a 
a 
a 

D 
D 
D 

a 
a 
a 
d 
a 
□ 
□ 
a 

D 




































o 



|P IN NAMES | 


A0 ^9 


Address Inputs 


DQO'W 


Data Input/Outputs 


D8 


Data Input 


Q8 


Data Output 


CAS 


Column Address Strobe 


RAS 


Row Address Strobe 


¥ 


Read/Write Input 


CAS 8 


Column Address Strobe 


v C c 


Power (+5V) 


VSS 


Ground 


N.C. 


No Connection 
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BLOCK DIAGRAM 



Dqo O- 



cqi 



DO 2 O- 



Dq.3 O- 



A0~A9 C 



rv 



D <l 

A0~A9 

HAS 



'HI- 



rv 



AC-A9 
HAS 

■TaTT 



■hi— 



b 



D q. 

A0—A9 

KAS 

CAS 



WRITE 



3 



HI— 



D 
A0—A9 

Has 

CAS 



' DQ.7 O- 



WRITS 



Hh 



DQ.4 O- 



D0 5 O * 



EK}6 O- 



RAS O- 

CAS O- 

WRITE O- 



V30 °- 



D8 O- 



3 



D H 

A0 — A9 
RAS 
AG 



WRIT hi 



3 



'.I 

A0—A9 

Hat; 
'j At; 



WRITS 



,_ll_, 



» 



d q, 

A0~A9 

Ra3 

DAS 



VRITB 



HI- 



LA 
rv 



D 0, 

A0~A9 

RA3 

CAS 



WRITE 



^> 



HH' 



D 

A0—A9 
RAS 
GAS 



'-\\~ 



qs 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-l'W 


V 


1 


Output Voltage 


VOUT 


-1^7 


V 


1 


Power Supply Voltage 


Vcc 


-l'W 


V 


1 


Operating Temperature 


T OPR 


WO 


°C 


1 


Storage Temperature 


TSTG 


-55W25 


°C 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


5.4 


W 


1 


Short Circuit Output Current 


x OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0 W0°C) 



SYMBOL 


PARAMETER 


MfN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


vlh 


Input High Voltage 


2.4 




6.5 


V 


2 


V[ L 


Tnput Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0 'W0 


3 c) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS", CAS, Address Cycling: t RC=tRC MIN.) 


7HM9100C3/L-10 


- 


540 


mA 


3, 4 


TH2a91000S/L-12 


- 


450 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=ViH) 


- 


18 


mA 




X CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=Vi H : tRC =t RC MIN.) 


t;-^91Cgos/L-ig 


- 


540 


mA 


3 


T:^I9100Cg/L-12 


- 


450 


r CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=V IL , CAS Address Cycling: tpc=tpc MIN.) 


THM91000S/L-I0 


- 


360 


mA 


3, 4 


TKM91C 003/1-1 2 


- 


270 


X CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V CC -0 . 2V) 


- 


9 


mA 




T CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tRc=tRC MIN.) 


THM91000S/L--10 


- 


540 


mA 


3 


Tffi/SlOOOS/L-lS 


- 


450 


r KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V = Vin = 6.5V, All Other Pins not under Test=0V) 


-90 


90 


;>A 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V ^ V UT ^ 5 .5V) 


-20 


20 


uA 




VOH 


C'TPUT LEVEL 

Output "H" Level Voltage (IouT =-5mA ) 


2.4 


- 


V 




vol • 


OUTPUT LEVEL 

Output "L" Level Voltage (IOUT=4 .2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=CW0°C) (Notes 5, 



6, 7) 



SYMBOL 


PARAiMETER 


THM91000S/L-10 


TILM91000S/L-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Random Read or Write Cycle Time 


190 




220 




ns 




tpc 


Fast Page Mode Cycle Time 


55 




70 




ns 




tRAC 


Access Time from RAS 




100 




120 


ns 


8, 13 


tCAC 


Access Time from CAS 




35 




45 


ns 


8, 13 


C .\A 


Access Time from Column Address 




50 




60 


ns 


8,- 14 


tCPA 


Access Time from CAS Precharge 




50 




65 


ns 


8 


tCLZ 


CAS to Output in Low-Z 


5 




5 




ns 


8 


tOFF 


Output Buffer Turn-off Delay 





30 





35 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


80 




90 




ns 




tRAS 


RAS Pulse Width 


100 


10,000 


120 


10,000 


ns 




C RASP 


RAS Pulse Width (Fast Page Mode) 


100 


100,000 


120 


100,000 


ns 




C RSH 


RAS Hold Time 


35 




45 




ns 




tCSH 


CAS Hold Time 


100 




120 




ns 




t CAS 


CAS Pulse Width 


35 




45 




ns 




tRCD 


RAS to CAS Delay Time 


25 


65 


25 


75 


ns 


13 


C RAD 


RAS to Column Address Delay Time 


20 


50 


20 


60 


ns 


14 


C CRP 


CAS to RAS Precharge Time 


10 




10 




ns 




C CP 


CAS Precharge Time (Fast Page Mode) 


10 




15 




ns 




t ASR 


Row Address Set-Up Time 












ns 




t RAH 


Row Address Hold Time 


15 




15 




ns 




C ASC 


Column Address Set-Up Time 












ns 




C CAH 


Column Address Hold Time 


20 




25 




ns 




tAR 


Column Address Hold Time referenced 
to RAS 


75 




90 




ns 




tRAL 


Column Address to RAS Lead Time 


50 




60 




ns 




tRCS 


Read Command Set-Up Time 












ns 




tRCH 


Read Command Hold Time 












ns 


10 


tRRH 


Read Command Hold Time referenced 
to RAS 












ns 


10 
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ELECTRICAL CHARACTERISTIC AND RECOMMENDED AC 


OPERATING CONDITIONS (Continue 


d) 




SYMBOL 


PARAMETER 


THM91000S/L-10 


THM91000S/L-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX . 


C WCH 


Write Command Hold Time 


20 




25 




ns 




tUCR 

C UP 
C RUL 
C CWL 
f DS 


Urite Command Hold Time referenced 
to RAS 


75 




90 




ns 




Urite Command Pulse Uidth 


20 




25 




ns 




Urite Command to RAS Lead Time 


25 


30 


ns 




Urite Command to CAS Lead Time 
Data Set-L'p Time 


25 





30 




ns 











ns 


11 


C DH 


Data Hold Time 


20 




25 




ns 


11 


t D!iR 


Data Hold Time referenced to RAS 


75 




90 




ns 




t [\V.F 


Refresh Period 


i 3 




8 


ms 




C UCS 


Urite Command Set-Up Time 










ns 


12 


tCSR 


CAS Set-Up Time (CAS before RAS" Cycle) 


10 1 


10 




ns 




C CHR 


CAS Hold Time (CAS before RAS Cycle) 


30 




30 




ns 




C RPC 


RAS to CAS Precharge Time 












ns 


_... 


C CPT 


CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 


50 




60 




ns 


t CPN 


CAS Precharge Time 


15 




20 




ns 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0 ^ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


en 


Input Capacitance (A0^A9, ¥, CAS, RAS) 




60 


pF 


C I2 


Input Capacitance (D8, CAS8) 




7 


pF 


- C DQ 


I/O Capacitance (DQ0^DQ7) 




15 


pF 


CQ 


Output Capacitance (Q8) 




10 


pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to VsS- 

' 3 - f CCL» r CC.3» T CC4> X CC6 depend on cycle rate. 

"* • ^CC1» *CC4 depend on output loading. .Specified values are obtained with the 
output open. 

5. An initial pause of 200ms is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tx = 5ns. 

7. V[u(min.) and V^(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj^ and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQ[;p(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Mither tp v ^^ or tpc^ must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. twCS is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t^'cs = tUCS (min.) , the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) . 

13. Operation within the tRCD( r ' iax « ) limit insures that t^cCmax.) can be met. 
tRcn(max.) is specified as a reference point only: If tR£n is greater than the 
specified t^Qp(max.) limit, then access time is controlled by tCAC* 

14. Operation within the tp v ^n(max.) limit insures that t^^(max.) can be met. 
t RAD( max *) LS specified as a reference point only: If tRAD is greater than the 
specified t^pCmax.) limit, then access time is controlled, by tAA- 
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READ CYCLE 



THM91000S/L-10/12 



IH 



IL 



IU 



IK 



CL 



v IH 



'OL 













f-RG 




















L KP 






'■ha.; 






- V j 


7" 


\ 




f-i:;JH 






f-r.RX' 


r V-.C D 




r - :<:;:[ 






T 






'•OA.'J 










:f 




w 


r r 


/ 








r - AR 








r HAL 








r -KAD 






r A: 


K 


'"-HAH 


\m 


r Aix: 




_ r -cf..n m 






-^ 


RC'.V 


L_ — J01«« 












'•HCo 






t RRH 


r -H'JH 




















Z '///////////////// 


f 


t GAO 




V// 






11 AA 










.. 


^GLZ_ 




^0?F 











^ 


s/ 4 - 


>- 

















*L 









VA : Don't Car 
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EARLY WRITE CYCLE 



'RC 



v in 



v IL, 



: CRP 






t.ASR 



A ~A 9 



vn 



ARETE rH 
VlL 



■'It. T, 



VlH 7; 



; IN 



-RA3 



/ 



r -AR 



^ RAH 



ROW 



K:5H 



KA 7 



"'UAK 



K M. »-» : » 



ty/cR 



twos 



t DS 



: RAL 



fc RP 



C C'.VL 



: WCH 



c r/p 



fc RWL 



•DH 



z y//////////////^ ^r ^///////////////A 



V 



^DHR 



t CRP 



7 



7// 



2 



z 



D OUT 



'OL 



OPEN 



Z3 •' D ° n ' 



t Care 
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FAST PAGE MODE READ CYCLE 



Vrr. 



"•CHP 



LL 



r -.\:m 



'Hi 



IL 



'.VHIT3 



J OUT 



IL 



Vqh 



'OL 



t RA3P 



rx. 



n RCD t CM 



r -AR 



'RAH 



m^mz^mz^mzEEM 



-RAD 



C RCS 



7 



JTR^rx^j 



t RAC 



-CLZ 



t GAH C AaC 



J RCH 



; CAC 



C PC 



r CAH 



: RC13 



'CFA 



VALID 
DATA 



C CP 



t RCH 



^CAG V 



('V /TV VALID \ 

2 W\if^J 



C HSH 



C AA 



: GPA 



r -GLi 



tRP 



t ORP 



; RRH 



, C RCH. 






7a\/valid\ 

V/ J.DATA ^ 



^CLZ 



toPF 



F77 



Don't Care 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



rj [(P 




'MMZl 



OH 



J OUT 



^OL 



OPEIJ 



: Don't Care 



— A-200 



RAS ONLY REFRESH CYCLE 



THM91000S/L-10/12 



Vl:£ 



•0 --H / 



r -iiAii 



/ X 



";\p 



///////////////// ////////////// 



wi-- 



Don't Care 



Mote: WRITE=Don't care, A9=Don't care 
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CAS BEFORE RAS REFRESH CYCLE 



IH 



--TZ. 



■ r lH — 



tClM 



/~\ 



tRO 



•RAS 



t:JHR 



/ 



^out 



OH 



'OL 



\ 



OPEN 



: RP 



\ 



/VZ : Don't Care 



Note: WRITE=Don't care, A0^A9=Don't care 
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HIDDEN REFRESH CYCLE (READ) 



VlH — 



\ 



tCRP 



'IL 



VlH 



'IL 



t ASR 



WRITE 






->OUT 



V 0H 

Vol 



tRO 



t lU3 



/~~\ 



fc RGD 



K 



-RAD' 



C RAH 



ROW 



-ASC 



tRCS 



'RSH 



"RAL 



: CAH 



COLUMN 



C RAS 



-CKR 



7/ 



-RAG 



-GLZ 



C RRH 



tCAG 



/ 



/ 



z 



7 



7 



t PF 



VALID DATA 



J- 



yyy .' Don't Care 
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HIDDEN REFRESH CYCLE (WRITE) 



ZL 



IL 



\ 









r -WA 



[H 



-WMM ~ 



ii 



■» v " -7MMM 



'HP 



ZZ 



r --.vi:H 



/ 



t CHP. 



'-DH 



7ALED DATA 



DHH 



WTTTT. 



'////. 



/ 



' J/////////////////////// //// 



T; 



'OUT 



''oL 



,•■ '. Don' t; G:ir o 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



V IH 



EL 



k 



/ ^H 



' IV. ' 
v E u ' 

READ CYCLE 



/////■ 



7/////////////r ^- y///////////////, 



x n-.m 



-J 



V[i. — ////////// .'////,' ■'.■ 

{■■^ ... Ir , - •/////////////,//,:■ 

WRITE CYCLE 

r- r z 

I ' ! j 



V IH 

.V i\ L T i.0 



////////////77/7\ 



^ r IH 



>L'A >r ' f 



WZZ 



7///M 



■uv 




!j. 



'ALEJ DATA 



^uip 



,ILi JATA 



SM 



m 



w///////////// 



/ / / / 1 , 
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OUTLINE DRAWINGS 



THM91000S 



Unit in mm 



8a90±Q13 



e. 



LI 



[]t]aDDanDDDQaoaDDDDDDDDDDDDDDDD 



.^.180 



&- 



2.5 4 



+ 0.13 
L.27-0.0 8 



82.14±0.13 



5.08MAX. 



THM91000L 



82.14±0.3 




5. 08 MAX. 



+0.15 
0.25-0.15 
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TOSHIBA MOS MEMORY PRODUCTS 



2.048 WORD X 8 BIT STATIC RAM TMM201 5BP-90, TMM201 5BP-1 2 

TMM201 5BP-1 0, TMM201 5BP-1 5 



SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 



DESCRIPTION 

The TMM2015BP is a 16, 384 bits high speed 
and low power static random access memory orga- 
nized as 2, 048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
1 00ns/1 20ns/1 50ns and maximum operating cur- 
rent of 50mA. When CS is a logical high, the device 



is placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM201 5BP is most suitable for use in microcom- 
puter oenpheral memory where the low power 
applications are required. The TMM2015BP is fa- 
bricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability 



FEATURES 

o Access Time and Current 



^*\. Parameter 
Part ^\^ 
Number ^^^^ 


Access 
Time 
(Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2O15BP-90 


90ns 


50mA 


5mA 


TMM2015BP-10 


100ns 


50mA 


5mA 


TMM2015BP-12 


120ns 


50mA 


5mA 


TMM2015BP-15 


150ns 


50mA 


5mA 



• High Density Assembly Capability 
0.3 inch width package (24pin plastic DIP) 



• Single 5V power Supply 
9 Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control: OE 
o Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 

• Inputs Protected: All inputs have protection 

against static charge. 



PIN CONNENCTION 



BLOCK DIAGRAM 



A7 C 

A6 C 

Ab C 

A4 C 

A3 C 

A2 C 

Al C 

AO E 

1/01 C 

1/02 C 

1/03 C 

qndC 



"W 



PIN NAMES 



3V CC 
DA8 
DA9 
DWE 

Doe 



19 DA10 
18 3CS" 
17 3 1/08 
16 3 1/07 
15 3 1/06 
14 3 1/05 
13 3 1/04 



Ao~A3 


Column Address Inputs 


A4~Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/Oi~l/0 8 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 



1/01 o- 



1/02 O- 
1/03O- 
1/04 o- 
1/05O- 
1/06 O- 



MEMORY 
CELL ARRAY 
( 128X16X8) 




H>- 



-T^O 



B-3 



TMM2015BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


VlN, VoUT 


Input/Output Voltage 


-0.5*~7.0 


V 


Topr 


Operating Temperature 


0-70 


•c 


TsTG 


Storage Terperature 


-55-150 


•c 


TsOLDER 


Soldering Temperature • Time 


260- 10 


*C-sec 


Pd 


Power Dissipation (Ta = 70'C) 


0.7 


W 



* -3.0V at Pulse width 50ns 

| D. C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Vovtage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.5" 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* * -3.0V at Pulse width 50ns 



D. C. CHARACTERISTICS (Ta=0~70-C, Vcc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


IlL 


Input Leakage Current 


Vin=0V~5.5V 


-10 


- 


10 


//A 


Voh 


Output High Voltage 


Iout= — 1 .OmA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


louT=4.0mA 


- 


- 


0.4 


V 


Ilo 


Output Leakage Current 


CS=Vih or 

WE=Vi L orOE=ViH, 

Vout=0V~5.5V 


-10 


- 


10 


*A 


ISBP 


Peak Power-on Current 


CS=Vcc. louT=OmA 


- 


- 


10 


mA 


ISB 


Standby Current 


CS=Vih , louT=OmA 


- 


- 


5 


mA 


Ice 


Operating Current 


CS=Vil. louT=OmA 


- 


- 


50 


mA 



CAPACITANCE" 



(Ta = 25 # C. f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


5 


PF 


COUT 


Output Capacitance 


Vout=OV 


10 


pF 



* * * Note : This paramenter is periodically sampled and is not 100% tested. 
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TMM2015AP-90, TMM2015AP-12 
TMM201 5AP-1 0. TMM201 5AP-1 5 



A. C. CHARACTERISTICS (Ta=0~70-C, Vcc=5V±lO%) 



Read Cycle 



SYMBOL 


PARAMETER 


TMM2015BP-90 


TMM2015BP-10 


TMM2015BP-12 


TMM2015BP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


90 


- 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


tco 


Chip Select Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


tOE 


Output Enable Time 


- 


35 


- 


35 


- 


50 


- 


55 


tOH 


Output Data Hold Time from Address 
Change 


10 


- 


10 


- 


10 


- 


10 


- 


tCLZ 


CS to Output in Low-Z 


15 


— 


15 


— 


15 


— 


15 


— 


tCHZ 


CS to Output in High-Z 


- 


40 


- 


40 


- 


40 


- 


55 


tOLZ 


OE to Output in Low-Z 


5 


- 


5 


- 


5 


- 


5 


- 


tOHZ 


OE to Output in High-Z 


- 


35 


- 


35 


- 


35 


- 


50 


tPU 


Chip Selection to power Up Time 





- 





- 





- 





- 


tPD 


Chip Deselection to Power Down 
Time 


- 


50 


- 


50 


- 


60 


- 


60 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2015BP-90 


TMM2015BP-10 


TMM2015BP-12 


TMM2015BP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


90 


- 


100 


- 


120 


- 


150 


- 


ns 


tew 


Chip Selection to End of Write 


60 


- 


70 


- 


85 


- 


100 


- 


tAS 


Address Set Up Time 


20 


- 


20 


- 


20 


- 


20 


- 


tWP 


Write Pulse Width 


55 


- 


65 


- 


80 


- 


100 


- 


tWR 


Write Recovery Time 





- 





- 





- 





- 


tDS 


Data Set Up Time 


30 


- 


35 


- 


45 


-• 


50 


- 


tDH 


Data Hold Time 





- 





- 





- 





- 


tWLZ 


WE to Output in Low-Z 


5 


- 


5 


- 


5 


- 


5 


- 


tWHZ 


WE to Output in High-Z 


- 


25 


- 


30 


- 


35 


- 


50 


A. C. TEST CONDITIONS 


Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Time 


10ns 


Input and Output Timing Reference Levels 


1.5V 


Output Load 


1 TTLGate&C L =100pF 
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TMM2015BP-90, TMM2015BP-1 2 
TMM2015BP-10, TMM2015BP-15 



TIMING WAVEFORMS 

(A) READ CYCLE 0) (1) 









t RC 














ADDRESSES \( 

t ACC 


) 


C_ 


t OHZ 






t 0F. 


? 






™ \\\\\\\m 


V7T//W/777/77, 




t 0L2 






t 0H 


WL 








m 






n HIGH IMPEDANCE > 


L 




^ HIGH IMPEDANCE 










f 



UNKNOWN 



(B) READ CYCLE [2] (1), (2) 



\ 



D OUT 



HIGH 
IMPEDANCE 



SUPPLY I cc 
CURRENT I SB 



C C0 



t CLZ 



W< 



/■ 



t CHZ 



OUTPUT DATA VALID 



UNKNOWN 



T 



> 



HIGH 
IMPEDANCE 



tPD 



\ 



• (C) WRITE CYCLE (D (3) 



ADDRESSES 



Z>< 



53 ^m 



WE 



^^i 



: WC 



t CW 



- /////////////// 



DK 



X 



z 



y 



DATA IN VALID 



X 



D OUT 



(4) 



;>- 



HIGH IMPEDANCE 



c ffLZ_ 
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• (D) WRITE CYCLE (2) (3) 



TMM2015BP-90, TMM2015BP-12 
TMM201 5BP-1 0, TMM201 5BP-1 5 



ADDRESSES 





~~ > 








1 


"WC 










ES 


( X 




t AS 


t CW 




t WR 




GS 


S 


SS^ 


_/ 








t w p 






WE \ 


\^\\\\\m\\\\\m 


W/////////////A 








tDS 


t DH 




IN 


)( 




)( 





HIOH IMPEDANCE 



(4) 



HIGH IMPEDANCE 



NOTES: 

(1) The WE is high for read cycle. 

Device is continuously selected, CS =Vil in read cycle CD 

(2) All addresses are valid perior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified asjhe time f rom the chip selection to end of write in write cycle, and the twp is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OEJs high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high 
impedance state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 



(A) tCLZ, tOLZ, tWLZ 

(B) tCHZ, tOHZ, tWHZ 



Output Enable Time 
Output Disable Time 



DOUT 



X 



/ 



(A) 



HIGH IMPEDANCE 



-0.15V 
1 0.15V 



/ 



\ 



(B) 



40.15V 
HI OH I 



T O lftV 



"OUT O- 



MPE DANCE 



C L =30pF T 



l.OXfi 



Fig. 1 Output load condition for enable disable time measurement. 
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TMM201 5BP-90, TMM201 5BP-1 2 
TMM2015BP-10, TMM2015BP-1 5 



OUTLINE DRAWINGS 



Unit: mm 



24 23 22 21 20 19 18 17 16 15 14 13 

At i-j-i r-j-i r-t-i i— |i r-p j i-j-i i~~i~~i r*p rin r*p ^l 




iLi l4-i i — J— ■ i— | — ' »-|-» M- 1 I H- 1 "-M '-'-' H- 1 L ^~ l L * 1 



10 11 12 




8° 

*7- 






7. 62 ±0.2 5 



k 



"'■-T*' „ oc + 0.10 



— 1.5 
— 1.27MAX. 



w 



254 + 0.25 



NOTES : Each lead pitch is 2 . 54mm . All leads are located within 0. 25mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads. 



Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



2.048 WORD X 8 BIT STATIC RAM TM M201 6BP-90, TMM201 6BP-1 2 

TMM201 6BP-1 0, TMM201 6BP-1 5 



SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 



DESCRIPTION 

The TMM2016BP is a 16,384 bits high speed 
and low power static random access memory orga- 
nized as 2,048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/ 
1 00ns /1 20ns/1 50ns and maximum operating cur- 
rent of 50mA. When CS is logical high, the device is 

FEATURES 

© Access Time and Current 



^^. Parameter 
Part ^\^ 
Number ^-^ 


Access 
Time 
(Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2016BP-90 


90ns 


50mA 


5mA 


TMM2016BP-10 


100ns 


50mA 


5mA 


TMM2016BP-12 


120ns 


50mA 


5mA 


TMM2016BP-15 


150ns 


50mA 


5mA 



placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM201 6BP is most suitable for use in microcom- 
puter peripheral memory where the low power 
applications are required. The TMM201 6BP is fa- 
bricated with ion implanted N channel silicon gate 
MOS technology for high porformance and high 
reliability 



• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature CS 
e Output Buffer Control OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL Compatible 
o Inputs Protected: All inputs have protection 

against static charge 



PIN CONNECTION 



A7C 

A6 C ■<. 

AdC 6 

AiC i 

A3C b 

AkiC 6 

Ai C ~ 

AO C B 

I/U1C9 

I/O* C 10 

1/06 C 11 

ON DC li; 



BLOCK DIAGRAM 



PIN NAMES 



v cc 



3v c 

3 A8 
3 A9 
3 WE 

3 6T7 

3 A10 

3 1/08 
3 1/07 
3 1/06 
3 1/05 
3 1/04 



Ao~A3 


Column Address Inputs 


A4~Aio 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/0i~l/0s 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 




MEUORY 
CKLL ARRAY 
(128X16X8 ) 



QND 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10, TMM2016BP-15 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


VlN, VoUT 


Input/Output Voltage 


-0.5*~7.0 


V 


Topr 


Operating Temperature 


0-70 


•c 


TsTG 


Storage Terperature 


-55-150 


•c 


TSOLDER 


Soldering Temperature • Time 


260-10 


°C-sec 


Pd 


Power Dissipation(Ta = 70°C) 


1.0 


W 



* -3.0V at Pulse width 50ns 
D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX. 


UNIT 


VlH 


Input High Vovtage 


2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0 5** 


- 


0.8 


V 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* * -3.0V at Pulse width 50ns 



D. C. CHARACTERISTICS (Ta=0~70-C, Vcc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0V~5.5V 


-10 


- 


10 


JkA 


VOH 


Output High Voltage 


Iout=- 1.0mA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


louT=4.0mA 


- 


- 


0.4 


V 


Ilo 


Output Leakage Current 


CS=Vm or 
WE=Vnor OE=Vm, 
Vout=OV~5.5V 


-10 


- 


10 


^A 


ISBP 


Peak Power-on Current 


CS~=Vcc louT=OmA 


- 


- 


10 


mA 


ISB 


Standby Current 


CS=Vih louT=OmA 


- 


- 


5 


mA 


Ice 


Operating Current 


CS = Vil louT=OmA 


- 


- 


50 


mA 



CAPACITANCE*** (Ta = 25°C, f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


5 


PF 


COUT 


Output Capacitance 


Vout=OV 


. 10 


PF 



* * * Note : This paramenter is periodically sampled and is not 100% tested 
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TMM2016BP-90, TMM2016BP-1 2 
TMM2016BP-10, TMM2016BP-15 



i^-A^^CHAI^CTERIOTCS,, (Ta=0~70-C. Vcc=5V± 1 0%) 

Read Cycle 



SYMBOL 


PARAMETER 


TMM2016BP-90 


TMM2016BP-10 


TMM2016BP-12 


TMM2016BP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


90 


- 


100 


- 


120 


- 


150 


- 


ns 


Ucc 


Address Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


tco 


Chip Select Access Time 


- 


90 


- 


100 


- 


120 


- 


150 


tOE 


Output Enable Time 


- 


35 


- 


35 


- 


50 


- 


55 


tOH 


Output Data Hold Time from Address 
Change 


10 


- 


10 


- 


10 


- 


10 


- 


tCLZ 


CS to Output in Low-Z . 


15 


— 


15 


— 


15 


— 


15 


— 


tCHZ 


CS to Output in High-Z 


- 


40 


- 


40 


- 


40 


- 


55 


tOLZ 


OE to Output in Low-Z 


5 


- 


5 


- 


5 


- 


5 


- 


tOHZ 


OE to Output in High-Z 


- 


35 


- 


35 


- 


35 


- 


50 


tpu 


Chip Selection to power Up Time 





- 





- 





- 





- 


tPO 


Chip Deselection to Power Down 
Time 


- 


50 


- 


50 


- 


60 


- 


60 



Write Cycle 



SYMBOL 


PARAMETER 


TMM2016BP-90 


TMM2016BP-10 


TMM2016BP-12 


TMM2016BP-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


90 


— 


100 


- 


120 


- 


150 


— 


ns 


tew 


Chip Selection to End of Write 


60 


- 


70 


- 


85 


- 


100 


— 


Us 


Address Set Up Time 


20 


- 


20 


- 


20 


- 


20 


— 


tWP 


Write Pulse Width 


55 


— 


65 


- 


80 


- 


100 


— 


tWR 


Write Recovery Time 





— 





- 





- 





- 


tDS 


Data Set Up Time 


30 


— 


35 


- 


45 


- 


50 


— 


tDH 


Data Hold Time 





- 





- 





- 





— 


tWLZ 


WE to Output in Low-Z 


5 


— 


5 


- 


5 


- 


5 


- 


tWHZ 


WE to Output in High-Z 


- 


25 


- 


30 


- 


35 


- 


50 



A. C. TEST CONDITIONS 



Input Pulse Levels 


0-3. 5V 


Input Rise and Fall Time 


10ns 


Input and Output Timing Reference Levels 


1.5V 


Output Load 


1 TTLGate&C L =100pF 
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TMM2016BP-90, TMM2016BP-1 2 
TMM2016BP-10, TMM2016BP-15 



TIMING WAVEFORMS 

(A) READ CYCLE CO (1) 



ADDRESSES 



zx 



t RC 



X 



C ACC 



™^^[ 



tQE 



"tQLZ 



HIGH IMPEDANCE 



DquT 



-MfflMML 



tQH 



OUTPUT DATA VALID 



UNKNOWN 



tQHZ 



HIGH IMPEDANCE 



• (B) READ CYCLE (2) (1), (2) 



cs 



DQUT 



\ 



HIGH 
IMPEDANCE 



; C0 



l CLZ 



Jf 



t CHZ 



OUTPUT DATA VALID 



UNKNOWN 



t PUi 



SUPPLY I cc 
CURRENT I SB 



f 



> 



HIGH 
IMPEDANCE 



tPD 



\ 



• (C) WRITE CYCLE CO (3) 



ADDRESSES 



■Z>( 



cs ^^ 



C AS 



WE 



Din 



Dqut 



two 



^cw 



t wp 



t DS 



X 



l WR 



)C 



? c 



l DH 



DATA IN VALI 



Z3K 



tyHZ 



HIGH IMPEDANCE 



l WLZ 
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• (D) WRITE CYCLE C2) (3) 



TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10. TMM2016BP-15 











two 










ADDRESSES }s 


( X 




t AS 




tQW 


*WR 










^ ? 






*$m 


<- 






t WP 






n Mltlll, 


M///////////A 








t DS 


l t D H L 














D IN ... 








)( DATA IN 


VALID 


X 





Dqut 



HIOH IUPEDANCE 



%HZ 



AAA 



HIOH IUPEDAMCE 



NOTES: 

(1) The WE is high for read cycle. 

Device is continuously selected , CS=Vil in read cycle_(1 ] 

(2) All adresses are valid perior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tew is specified as the time from the chip selection to end of write in write cycle , and the twp is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high , the output buffers remain in a high impedance stat e in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buuffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaeously with WE high transition , the output buffers remain in a high impedance 
state in this period. 

Thease parameters are specified as follows and measured by using the load shown in Fig. 1 

(A) tCLZ. tOLZ. tWLZ Output Enable Time 

(B) tcHZ. tOHz. tWHz Output Disable Time 



ZS.7SS 



?SL 



vw 



Dqut 



-a- 



I 



/ 



(A) 



HIOH I MPEDANCE 



\ 



DqUTO- 



IB) 



3 o. 



0.1&V 
.15V 



rk 



0J.SV 



CL=30pP' 



'=¥ 



HIOH IMPEDANCE 
0.15V 



Fig. 1 Output load condition for enable disable time measurement. 



IB kft 



£ i.o aa 
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TMM2016BP-90, TMM2016BP-12 
TMM2016BP-10. TMM201 6BP-15 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 



""P r v t m* n -1 t* 1 "T* 



?\Ei£ 



rh rh rh rh rh r r r 



Lp LJ-I Lp Lp Lp Lp|Lp Up LJJ Lp Ljj ti p 151 
1 23455 789 10 11 12 



Unit: mm 




NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 24 leads.. 



Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aup , 1 985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



2,048 WORD X 8 BIT CMOS STATIC RAM 



TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7CF -1 5/CFL -1 5/CF -20/CFL -20 



DESCRIPTION 

The TC55 1 7CP/CF is a 1 6384-bit high speed and 
low power fully static random access memory orga- 
nized as 2048 words by 8 bits using CMOS tech- 
nology, and operates from a single 5 volt supply .' 
The TC5517CP/CF has a output enable inputs, OE 
for fast memory access and output control and chip 
enable enable input CE, which is used for device 
selection and can be used in order to achieve mini- 
mum standby current mode easily for battery back 
up. Also the high speed and low power characteris- 
tics which maximum access time is 150ns, 200ns 
and maximum operating current is 5mA/MHz are 



achieved. Thus the TC5517CP/CF is most suitable 
for use in low power applications where battery 
operation or battery back up for nonvolatility are 
required. Furthermore the TC551 7CPL/CFL guar- 
anteed a standby current epual to or less than 1 ptA at 
60°C ambient temperature available. And the 
TC5517CP/CPL is pin compatible with 2716 type 
EPROM. This means that the TC5517CP/CPL and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide application in 
microcomputer system. 



FEATURES 

o Low Power Dissipation 
5mA/MHz (Max.) Operating 

0.2^A(MAX.) atTa = 25°C Standby 

1 . 0/*A(MAX. ) at Ta = 60°C Standby 

o 5V Single Power Supply 

© Low Voltage Operation : Vdd = 3V 
tco=1/is(MAX.)Ta = 60 , C 

• Wide Temperature Operation 
Ta = -40~85°C 

• Fully Static Operation 

o Data Retention Voltage : 2.0V-5.5V 
© Output Buffer Control : OE 



© Access Time 



""\^ 


TC5517CP-15/CPL-15 


TC5517CP-20/CPL-20 


TC5517CF-15/CFL-15 


TC5517CF-20/CFL-20 


Address Access 
Time (MAX.) 


150ns 


200ns 


CE Access Time 
(MAX.) 


150ns 


200ns 


OE Access Time 
(MAX.) 


70ns 


100ns 



• Directly TTL Compatible : All Inputs and Outputs 
©24 Pin Standard Plastic Package : TC5517CP 
©24 Pin Flat Package : TC5517CF 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



PIN NAMES 



A7 C 

A6C 

A5C 

A4C 

A3C 

A2 C 

AlC 

AO C 

1/01 C 

1/02 C 

1/03 C 

ONDC 



■v^" 



3 v DU 

3 A8 

3 A9 
3 R/W 

3 OE" 

3 A10 

3 CE 
3 1/08 
3 1/07 
3 1/06 
3 1/05 
3 1/04 



Ao~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE" 


Chip Enable Input 


I/Oi~I/Ob 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TG551 7CF-1 5/CFL-1 5/CF-20/CFL-20 



OPERATION MODE 



MODE 


ceT 


OE 


R/W 


Ao A 10 


1/0,-1/08 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


Iddo 


Write 


L 


* 


L 


Stable 


Data In 


Iddo 


Output Deselect 


L 


H 


H 


* 


High Impedance 


Iddo 


* * Standby 


H 


* 


* 


* 


High Impedance 


Idds 



Note : * : H or L * * : DataRetention Mode 
ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3~7.0V 


VlN 


Input Voltage 


-0.3V~Vdd + 0.3V 


Vi.o 


Input/Output Voltage 


-0.3V~Vdd + 0.3V 


Pd 


Power Dissipation(Ta = 85°C) 


0.8W(0.45W)* 


TsTG 


Storage Temperature 


-55°C~150'C 


Topr 


Operating Temperature 


-40'C~85'C 


TSOLDER 


Soldering Temperature-Time 


260°C-10sec. 



'Plastic FP=0.45W 



RECOMMENDED DC. OPERATING CONDITIONS (Ta = -40-85 C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



D. C. CHARACTERISTICS 



(Ta = -40~85'C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 




TC5517CP-15 
CF-15 


TC5517CP-20 
CF-20 


UNIT 




MIN. 


MAX. 


MIN. 


MAX. 


IlL 


Input Leakage Current 


O^Vin^Vdd 


- 


±1.0 




±1.0 


//A 


Ilo 


I/O Leakage Current 


CE=Vih, OV^Vi/o^Vdd 


- 


±5.0 




±5.0 


//A 


lOH 


Output High Current 


Voh=2.4V 


-1.0 


- 


-1.0 


- 


mA 


IOL 


Output Low Current > 


Vol = 0.4V 


2.0 


- 


2.0 


- 


mA 


Iddsi 


Standby Current 


CE2 = 2.2V 


- 


3.0 


- 


3.0 


mA 


IDDS2 


CE^Vdd-0.5V 


TC5517CPL/ 
CFL 


Ta = 25°C 


- 


0.2 


- 


0.2 


^ 


Ta = 60'C 


- 


1.0 


- 


1.0 


TC5517CP/ 
CF 


Ta = 25'C 


- 


1.0 


- 


1.0 


Ta = 60°C 


- 


5.0 


- 


5.0 


Ta = 85'C 


- 


30 


- 


30 


Iddoi 


Operating Current 


tc v cie = Min. cycle, 
CT=0V. louT = OmA 


Vin = Vih/Vil 


- 


45 




30 


mA 


IDD02 


Vin = Vdd/GND 


- 


40 




25 


IDD03 


tcycle= 1/*S, 


Vin = Vih/Vil 


- 


10 


- 


10 


IDD04 


CE = OV, Iout= 


OmA 


Vin = Vdd/GND 


- 


5 


- 


5 



Note : Typical values are at Ta = 25°C, Vdd = 5V. 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7CF-1 5/CFL-1 5/GF-20/CFL-20 



CAPACITANCE 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


- 


5 


10 


PF 


Ci/o 


Input/Output Capacitance 


- 


5 


10 


PF 



Note : This parameter is periodically sampled and is not 100% tested. 

A. C. CHARACTERISTICS (Ta=-40~85°C. Vdd = 5V±10%) 
Read Cycle 



A. C. TEST CONDITIONS 

Output Load :100pF+1TTL Gate 

Input Pulse Levels: 0.6V, 2.4V 



Timing Measurement Reference Levels 

Input : 0.8V 

Output : 0.8V 

Input Pulse Rise and Fall Times ; 10ns 



and 2.2V 
and 2.2V 



3V OPERATE SPECIFICATION 
D. C. RECOMMENDED OPERATING CONDITIONS (Ta=-10~60°C) 



SYMBOL 


PARAMETER 


TC5517CP-15/CPL-15 
TC5517CF-15/CFL-15 


TC5517CP-20/CPL-20 
TC5517CF-20/CFL-20 


UNITS 


MIN. 


MAX. 


MIN. 


MAX, 


tRC 


Read Cycle Time 


150 


- 


200 


- 


ns 


tACC 


Address Time 


- 


150 


- 


200 


tOE 


OEto Output Valid 


- 


70 


- 


100 


tco 


CE to Output Valid 


- 


150 


- 


200 


tcOE 


CE~or OE to Output Active 


10 


- 


10 


- 


too 


Output High-Z from Deselection 


- 


50 


- 


60 


tOH 


Output Hold from Address Change 


15 


- 


20 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC5517CP-15/CPL-15 
TC5517CF-15/CFL-15 


TC5517CP-20/CPL-20 
TC5517CF-20/CFL-20 


UNITS 


MIN. 


MAX. 


MIN. 


MAX. 


two 


Write Cycle Time 


100 


- 


200 


- 


ns 
ns 


tWP 


Write Pulse Width 


120 


- 


150 


- 


tAW 


Address Set up Time 





- 





- 


tWR 


Write Recovery Time 





- 





- 


tODW 


Output High-Z from R/W 


- 


50 


- 


60 


tOEW 


Output Active from R/W 


10 


- 


10 


- 


tDS 


Data Set up Time 


60 


- 


80 


- 


tDH 


Data Hold Time 





- 





. " - 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


VlH 


Input High Voltage 


Vdd-0.2 


- 


Vdd 


V 


VlL 


Input Low Voltage 





- 


0.2 


V 



B-17 — 



TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7CF-1 5/CFL-1 5/CF-20/CFL-20 



D.C. CHARACTERISTICS 



(Ta=-10-60 - C) 



SYMBOL 


PARAMETER CONDIOIONS 


MIN. 


TYP. 


MAX. 


UNIT 




IlL 


Input Leakage Current 


OV^Vin^Vdd 


- 


- 


±1 .0 


„A 


Ilo 


Output Leakage Current 


CE = Vih, OV^Vi/o^Vdd 


- 


- 


±5.0 


, M j 


I OH 


Output High Current 


Voh = Vdd-0.2V 


-100 


- 


- 


M 


lOL 


Output Low Current 


Vol = 0.2V 


100 


- 


- 


M A 


Idds 


Standby Current 


CE = Vih 


TC5517CPL/ 
CFL 


Ta = 25 - C 


- 


- 


0.2 


M A 


Ta = 60°C 


- 


- 


1 .0 


TC5517CP/ 
CF 


Ta = 25°C 


- 


- 


1.0 


Ta = 60°C 


- 


- 


5.0 


Iddo 


Operating Current 


CE = OV. 


tcycle= 1//SeC 


- 


2.0 


3.0 


mA 


tr, tf^20nsec- 




tcycle = 10^SeC 


- 


0.3 


0.5 



• All voltage is measured from GND. 



A. C. CHARACTERISTICS 



(Ta=-10~60°C, Vdd = 3V±10%) 



Read CYCLE 



A. C. TEST CONDITIONS 

o Output Load 

o Input Pulse Levels 

e Timing Measurement Level Input 

e Output 

© Input Pulse Rise and Fall Times 



100pF (Include Jig) 
0.2V, Vdd-0.2V 
1.5V , 1.5V 
1 . 5V . 1 . 5V 
=£20ns 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


tRC 


Read Cycle Time 


1000 


- 


- 


ns 


tACC 


Address Access Time 


- 


250 


1000 


ns 


tOE 


OE to Output Valid 


- 


80 


200 


ns 


tco 


CTto Output Valid 


- 


250 


1000 


ns 


tCOE 


CTor OE Output Active 


10 


- 




ns 


tOD 


Output High-Z Deselection 


- 


- 


200 


ns 


tOH 


Output Hold from Address Change 


20 


- 


- 


ns 


WRITE CYCLE 


SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


twc 


Write Cycle Time 


1000 


- 


- 


ns 


tWP 


Write Pulse Width 


500 


- 


- 


ns 


tAW 


Address Set up Time 


100 


- 


- 


ns 


twR 


Write Recovery Time 


100 


- 


- 


ns 


tODW 


Output High-Z from R/W 


- 


- 


200 


ns 


tOEW 


Output Active from R/W 


10 


- 


- 


ns 


tDS 


Data Set up Time 


400 


- 


- 


ns 


tDH 


Data Hold Time 


50 


- 


- 


ns 
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TC5517CP-15/CPL-15/CP-20/CPL-20 
TG551 7CF-1 5/CFL-1 5/CF-20/GFL-20 



TIMING WAVEFORMS 

• Read Cycle 



TTh" 



ADDKESSES 



VlH 



y*zii 



VlH 



" x\\\\\\\\\\\\\\\\\ V ^^- 



o Write Cycle 1 (2) 



o Write Cycle 2 (2) 



H/W 



Dqut 



din 



too 



VlL 



'COE 



VlH 



^X^ 



>'lri 



/77777777 /////////////A 



VlH 



tQD 



VOH 



/ 7M7W/m WWA 



vol 
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TC551 7 CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7 CF-1 5/CFL-1 5/CF-20/CFL-20 



Note: 

1. R/W is high for a Read Cycle. 

2. OE = Vih or Vil. If, OE = Vih during write cycle, the output buffers remain in a high impedance state. 

3. twp is specfied as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 

4. tDH, tps are measured from the earlier of CE or R/W going high. 

5 . If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write Cycle 1 
buffers remain in a high impedance state in this period. 

6. If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1 
buffers remain in a high impedance state in this period. 

7. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transition, 
buffers remain in high impedance state in this period. 



the output 
the output 
the output 



DATA RETENTION CHARACTERISTICS 



(Ta=-40~85'C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Standby Current 


TC5517CPL/CFL 


Ta = 25'C 


- 


0.005 


0.2 


M A 


Ta = 60'C 


- 


- 


1.0 


TC5517CP/CF 


Ta = 25'C 


- 


0.05 


1.0 


Ta = 60°C 


- 


- 


5.0 


Ta = 85°C 


- 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 





- 


- 


ns 


tR 


Recovery Time 


tRcOL, 


- 


- 



Note : 
1 . tRc : Read Cycle Time 




Note : 
2. If the Vih level of CE is 2.2V, during the period that the Vdd voltage is going down from 4.5V to 2.7V Iddsi current flows. 
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TC5517CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7GF-1 5/CFL-1 5/GF-20/GFL-20 



OUTLINE DRAWINGS 



• Plastic DIP 



24 23 22 21 20 19 18 17 16 15 14 13 

.nnnnnnnnnnnn. 



P\J*LE 



uuuuuuuuuuuu 

1234 5 6789 10 11 12 



^ 10 




3 2.4 MAX . 



_1U U w U U j 




2.54±0.25 



inn 



1.4 ±0.1 5 



ra 



a 



0.5 ±0.1 5 



0.2 MAX , 



15.24TYP. 




Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to 
No.1 and No. 24 leads. 
All dimensions are in millimeters. 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7CF-1 5/CFL-1 5/CF-20/CFL-20 



Plastic FP 




24 23 22 21 20 19 18 17 16 15 14 13 



R0.64 



12 3 4 5 6 7 8, 9 10 11 12 



0.43. t 0.05 



1.27.t0.1 



0~ 1.27 




2 



X, 



_,0.15± 0.05 



li^HMMHrnHH^- 



Note : Each lead pitch is 1 .27mm. 

All leads are located within 0. 1 mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
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TC551 7CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 7CF-1 5/CFL-1 5/CF-20/CFL-20 



PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin 
compared with conventional standard dual-in-line 
package. Differences are as follows. 

1 . Difference in dimension between flat and standard 
package. 

Unit : mm 



2. Comparison in occupied space. 





Flat pacpage 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


2.1 


5 



3. Advantage of this package 
Small dimensions 
Capability of High Density Assembly 

Capability of thin Assembly Capability of 

Assembly on both side of PC board. 



4. PC pattern layout example. 





B-23 



TC551 7CP-1 5/CPL-1 5/CP-Z0/CPL-20 
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Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry 
C May , 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



2,048 WORD X 8 BIT CMOS STATIC RAM 



TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 8CF -1 5/CFL -1 5/CF -20/CFL -20 



DESCRIPTION 

The TC551 8CP/CF is a 1 6384-bit high speed and 
low power sully static random access memory orga- 
nized as 2048 words by a 8 bits using CMOS tech- 
nology, and operates from a single 5 volt su pply. 
The TC551 8CP/CF has two chip enable inputs, CE1 
and CE2, which are used for device selection and 
can be used in order to achieve minimum standby 
current mode easily for battery back up. Also the 
high speed and low power characteristics which 
maximum access time is 150ns, 200ns and maxi- 
mum operating current is 5mA/MHz are achieved. 



Thus the TC5518CP/CF is most suitable for use in 
low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5518CPL/CFL guaranteed a- 
standby current epual to or less than 1//A at 60'C 
ambient temperature available. And the TC551 8CP/ 
CPL is pin compatible with 2716 type EPROM. This 
means that the TC551 8CP/CPL and EPROM can be 
interchanged in the same socket, and the flexibility in 
the definition of the quantity of RAM versus EPROM 
allows the wide application in microcomputer system. 



Operating 

Standby 

Standby 



FEATURES 

• Low Power Dissipation 
5mA/Max. 

0.2//A(MAX.)atTa = 25°C 
1.0//A(MAX.)atTa = 60°C 

• 5V Single PowerSupply 

• Low Voltage Operation : Vdd-3V 
tcoi, 2=1//s(MAX.) Ta = 60°C 

• Wide Temperature Operation 
Ta = -40~85°C 

• Fully Static Operation 

• Data Retention Voltage : 2.0V ~5.5V 

• Two Chip Enables (CE1 , CE2) 

Simple Memory Expansion and Battery Back Up 

PIN CONNECTION (TOP VIEW) 



• Access Time 



A7 



c 

A6 C 

A5 C 

A4 C 

A3 C 

A2 C 

Al C 

AO C 

l/'Ol c 

1/ 02 C 

1/03 C 

OND C 



-\y 



3 v DD 

3 AS 
3 A9 

DR/W 
3cTTi 

3 A10 

2 1/08 
D 1/07 
D 1/06 

3 1/05 
1 1/04 



PIN NAMES 



Ao~Aio 


Address Inputs 


R/W 


Read/Write Control Input 


ce7, anr 


Chip Enable Inputs 


1/0,-1/0, 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 



^\^ 


TC5518CP-15/CPL-15 


TC5518CP-20/CPL-20 


TC5518CF-15/CFL-15 


TC5518CF-20/CFL-20 


Address Access 
Time (MAX.) 


150ns 


200ns 


CE1 Access Time 
(MAX.) 


150ns 


200ns 


CE2 Access Time 
(MAX.) 


150ns 


200ns 



• Directly TTL Compatible : All Inputs and Outputs 

• 24 Pin Standard Plastic Package : TC5518CP 

• 24 Pin Flat Package : TC5518CF 

BLOCK DIAGRAM 




n?r. 
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TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 
TC5518CM5/CFL-15/CF-20/CFL-20 



OPERATION MODE 



MODE 


CEl 


CET 


R/W 


Ao~Aio 


l/Oi~l/Os 


POWER 


Read 


L 


L 


H 


Stable 


Data Out 


Iddo 


Write 


L 


L 


L 


Stable 


Data In 


Iddo 


* * Standby 1 


* 


H 


* 


* 


High Impedance 


Idds 


* * Standby 2 


H 


* 


* 


* 


High Impedance 


Idds 



Note : * : H or L * * : Data Retention Mode 



ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0.3~7.0V 


VlN 


Input Voltage 


-0.3V~Vdd4-0.3V 


Vio 


Input/Output Voltage 


-0.3V~Vdd + 0.3V 


Pd 


Power Dissipation(Ta = 85°C) 


0.8W(0.45W)* 


Tstg 


Storage Temperature 


-55°C~150'C 


Topr 


Operating Temperature 


-40'O85°C 


TsOLDER 


Soldering Temperature-Time 


260°C-10sec. 



'Plastic FP = 0.45W 



RECOMMENDED D. C. OPERATING CONDITIONS (Ta= -40-85 C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


2.0 


- 


5.5 


V 



D. C. CHARACTERISTICS 



(Ta = -40~85°C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 




TC5518CP-15 
CF-15 


TC5518CP-20 
CF-20 


UNIT 




MIN. 


MAX. 


MIN. 


MAX. 


IlL 


Input Leakage Current 


OSVin^Vdd 


- 


±1 .0 


- 


±1 .0 


„A 


Ilo 


I/O Leakage Current 


CE? =Vih, OV^Vio^Vdd 


- 


±5.0 




±5.0 


M 


lOH 


Output High Current 


Voh = 2.4V 


-1.0 


- 


-1 .0 


- 


mA 


IOL 


Output Low Current 


Vol = 0.4V 


2.0 


- 


2.0 


- 


mA 


Iddsi 


Standby Current 


CT? =2.2V or CET =2.2V 


- 


3.0 


- 


3.0 


mA 


IDDS2 


CE7=Vdd 
-0.5V or 
CE, =Vdd 
-0.5V 
Vdd = 2~ 
5.5V 


TC5518CPL/ 
CFL 


Ta = 25"C 


- 


0.2 


- 


0.2 


//A 


Ta = 60'C 


- 


1.0 


- 


1.0 


TC551 8CP/ 
CF 


Ta = 25'C 


- 


1.0 


- 


1.0 


Ta = 60°C 


- 


5.0 


- 


5.0 


Ta = 85°C 


- 


30 


- 


30 


Iddoi 


Operating Current 


t C ycie=M in. cycle, 
CE^=CEl=OV, louT = OmA 


Vin = Vih/Vil 


- 


45 




30 


mA 


IDD02 


Vin = Vdd/GND 


- 


40 




25 


IDD03 


tcvcle= 1//S, CE, = 


VlN = V IH /VlL 


— 


10 


- 


10 


IDD04 




CE 7 ' =0V, Iout 


= OmA 


Vin = Vdd/GND 


- 


5 


- 


5 



Note : Typical values are at Ta = 25°C, Vdd = 5V. 
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TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 8CF-1 5/CFL-1 5/CF-20/CFL-20 



CAPACITANCE 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


- 


5 


10 


PF 


CoUT 


Input/Output Capacitance 


- 


5 


10 


pF 



Note : This parameter is periodically sampled and is not 100% tested. 

A. C. CHARACTERISTICS (Ta=-40~85°C, Vdd = 5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC5518CP-15/CPL-15 
TC5518CF-15/CFL-15 


TC5518CP-20/CPL-20 
TC5518CF-20/CFL-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


150 


- 


200 


- 


ns 


tACC 


Address Access Time 


- 


150 


- 


200 


tC01 


CEi to Output Valid 


- 


150 


- 


200 


tC02 


CE2 to Output Valid 


- 


150 


- 


200 


tCOE 


CEi or CE2 to Output Active 


10 


- 


10 


- 


tOD 


Output High-Z Deselection 


- 


50 


- 


60 


tOH 


Output Hold from Address Change 


15 


- 


20 


- 




SYMBOL 


PARAMETER 


TC5518CP-15/CPL-15 
TC5518CF-15/CFL-15 


TC5518CP-20/CPL-20 
' TC5518CF-20/CFL-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


150 


- 


200 


- 


ns 


twp 


Write Pulse Width 


120 


- 


150 


- 


tAW 


Address Set up Time 





- 





- 


twR 


Write Recovery Time 





- 





- 


tODW 


Output High-Z from R/W 


- 


50 


- 


60 


tOEW 


Output Active from R/W 


10 


- 


10 


- 


tDS 


Data Set up"Time 


60 


- 


80 


- 


tDH 


Data Hold Time 





- 





- 



A. C. TEST CONDITIONS 

Output Load :100pF + 1TTL Gate 

Input Pulse Levels : o.6V, 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V and 2.2V 
Output : 0.8V and 2.2V 
Input Pulse Rise and Fall Times : 10ns 

3V OPERATE SPECIFICATION 
D. C. RECOMMENDED OPERATING CONDITIONS (Ta 



-10-6CTC) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


Vih 


Input High Voltage 


Vdd-0.2 


- 


Vdd 


-V. 


VlL 


Input Low Voltage 





- 


0.2 


V 
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TC551 8CP-1 5/CPL-1 5/CP-20/CPL-20 
TC551 8CF-1 5/CFL-1 5/CF-20/CFL-20 

D. C. CHARACTERISTICS (Ta = - 1 0- 60C) 



SYMBOL 


PARAMETER CONDIOIONS 


MIN. 


TYP. 


MAX. 


UNIT 




IlL 


Input Leakage Current 


OV^Vih^Vdd 


- 


- 


±1.0 


,iA 


Ilo 


Output Leakage Current 


CET. 2=Vih. OVSVi/o^Vdd 


- 


- 


±5.0 


„A 


l0H 


Output High Current 


Voh=Vdd-0.2V 


-100 


- 


- 


,iA 


lOL 


Output Low Current 


Vol=0.2V 


100 


- 


- 


,iA 


Idds 


Standby Current 


CET=CE2=Vih 


TC5518CPL/ 
CFL 


Ta = 25'C 


- 


- 


0.2 


,iA 


Ta = 60-C 


- 


- 


1.0 


TC5518CP/ 
CF 


Ta = 25'C 


- 


- 


1.0 


Ta = 60°C 


- 


- 


5.0 


Iddo 


Operating Current 


CET, 2 = 0V, 


tcycle 


= 1//sec 


- 


2.0 


3.0 


mA 


tr, tt^20nsec 




tcycle = 


= 10/* sec 


- 


0.3 


0.5 



All voltage is measured from GND. 



A. C. CHARACTERISTICS 



Read CYCLE 



(Ta = -10~60°C, Vdd = 3V±10%) 



Output Load 
Input Pulse Levels 
Timing Measurement Level 



Input 
Output 



Input Pulse Rise and Fall Times 



100pF (Include Jig) 
0.2V. Vdd-0.2V 
1.5V. 1.5V 
1.5V ,1.5V 
g20ns 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


. tRC 


Read Cycle Time 


1000 


- 


- 


ns 


tACC 


Address Access Time 


- 


250 


1000 


ns 


tcoi 


CET to Output Valid 


- 


250 


1000 


ns 


tC02 


CE2 to Output Valid 


- 


250 


1000 


ns 


tCOE 


CET or CE2 Output Active 


10 


- 


- 


ns 


tOD 


Output High-Z Deselection 


- 


- 


200 


ns 


tOH 


Output Hold from Address Change 


20 


- 


- 


ns 


WRITE CYCLE 


SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


twc 


Write Cycle Time 


1000 


- 


- 


ns 


twP 


Write Pulse Width 


500 


- 


- 


ns 


tAW 


Address Set up Time 


100 


- 


- 


ns 


tWR 


Write Recovery Time 


100 


- 


- 


ns 


tODW 


Output High-Z from R/W 


- 


. - 


200 


ns 


tOEW 


Output Active from R/W 


10 


- 


- 


ns 


tDS 


Data Set up Time 


400 


- 


- 


ns 


tDH 


Data Hold Time 


50 


- 


- 


ns 
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TIMING WAVEFORMS 

• Read Cycle 

ADDRESSES 



X3SE 



3HX 



^^^mm: 



D OUT 



tcm 



V//////////////////M 



Vni 



'iWMfflMflM. 



uUTPUT DATA VALID 



• Write Cycle 1 (2) 



ADDKKUUr.U 



Write Cycle 2 (2) 



ADDKhb'SiiS 



(7)CK2(.Ci-:i) 



(7)CTvK,CT3) 



R, IV 



XV 1H 



vThIv/ V 1H 



t-AW 



V IL,/ 



t WP (2) 



*m- ^ 



l WR 



HIOH IMPkDANCK 



<-DS(3) 



l DH(3) 



(5) 



V DATA IN STABLK ^ 



XiSL 



t WC 



VlH V" 7 



t AW 



^^^ ^ 



<-WP(2) 



l DS (3) 



l WR 



tptUp) 



V DATA IN STABLE S( 



: UNKNOWN 
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Note : 
1 . R/W is high for a read Cycle. 

2. twp is specified as logical "AND" of CEi, CE2 and R/W. 

twp is measured from the latter of CET, CE2 or R/W going low to the earlier of CE1 ,CE2 or R/W going high. 

3. tDH, tDS are measured from the earlier of CE1, CE2 or R/W going high. 

4. If the CE1 or CE2 low transition occurs simultaneously or latter from the R/W low transition in a Write Cycle 1 , the 
output buffers remain in a high impedance state in this period. 

5 . If the CET or CE2 high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1 , 
the output buffers remain in a high impedance state in this period. 

6. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1 or CE2 low transition, the 
output buffers remain in a high impedance state in t his p eried. 

7. A write occurs during the overlap of a low CE1, low CE2 and low R/W. 
In write cycle 2, write is controlled by either CE1 or CE2. 



DATA RETENTION CHARACTERISTICS 



(Ta=-40~85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Standby Current 


TC5518CPL/CFL 


Ta = 25°C 


- 


0.005 


0.2 


„A 


Ta = 60°C 


- 


- 


1 .0 


TC5518CP/CF 


Ta = 25°C 


- 


0.05 


1.0 


Ta = 60°C 


- 


- 


5.0 


Ta = 85'C 


- 


- 


30 


tCDR 


From Chip Deselection to Data Retention Mode 





- 


- 


fXS 


tR 


Recovery Time 


tRc(1) 


- 


- 


ns 



Note : 
1 . tRc : Read Cycle Time 



CEI or CE2 




DATA RETENTION MODE 



Vdd.-0.5V. 




2. If the Vih level of CE2 (CE1) is 2.2V, during the period that the Vdd voltage is going down from 4.5V to 2.7V, Iddsi 
current flows. 
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OUTLINE DRAWINGS 

Plastic DIP 



24 23 22 21 20 19 18 17 16 15 14 13 

nnnrinnnnnnnn 



r^-ZlLk 



uuuuuuuuuuuu 

1234 5678 9 10 11 !12 



u i 




KYm 



u 



2.5 4±0.2 5 



YTYYY 



ff 



V 



1.4±0.15 



0.5± 01 5 



15.24 TYP. 




0.25±0.05 




Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 




24 23 22 21 20 19 18 '17 16 15 14 13 



R0.64 



123456789 10 11 12 



0.43 jl 0.05 



1.273.0.1 



16.5 MAX. 



0~ 1.27 



M^ 



^ 



4 



0.1 5± 0.05 



:ip4HHHHHI=a=^MHMI 



Note : Each lead pitch is 1 .27mm. 

All leads are located within 0.1mm of their true longitudinal position with respect to No.1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and this 
compared with conventional standard dual-in-line 
package. Differences as follows. 

1. Difference in dimension between flat and standard 
package. 

Unit : mm 



2, Comparison in occupied space 





Flat pacpage 


Standard package 


Length 


16.5 


32.4 


Width 


9.0 


14.2 


Lead Pitch 


1.27 


2.54 


Thickness 


2.1 


5 



3. Advantage of this package 
Small dimensions 
Capability of High Density Assembly 

Capability of thin Assembly 

Capability of Assembly on both side of PC board 



4. PC pattern layout example 
CE2 cli 





CE2 cEl 



( mm ) 
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Note : Toshiba does not assume any responsibility for use of any circuitry described , no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
© May. 1 986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM2063P-10, TMM2063P-12 
TMM2063P-15 



DESCRIPTION 

TheTMM2063P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8, 1 92 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/1 50n s and maximum operating current of 
80mA. When CSi is a logical high or CS2 is a logical 
low, the device is placed in a low power standby 



mode in which maximum standby current is 10mA. 
Thus the TMM2063P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required, moreover, suitable 
for use in high density assembly as 0.3 inch width 
package is use for. The TMM2063P is fabricated 
with ion implanted N channel silicon gate MOS 
technology for high performance and high reliability. 



FEATURES 

© Access Time and Current 



^"^-^ Parameter 
Part ^^\^ 
Number ^~\^ 


Access 
Time 
(Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2063P-10 


100ns 


80mA 


10mA 


TMM2063P-12 


120ns 


80mA 


10mA 


TMM2063P-15 


150ns 


80mA 


10mA 



© High Density Assembly Capability 
width package (28 pin plastic DIP) 



0.3 inch 



PIN CONNECTION 



N.C.C 1 

Ai2[ 2 

A7[ 3 

At>( 4 

A5[ 5 

A4t 6 

A3[ 7 

A2l 8 

All 9 

AoU° 

I/O 1 1 11 

1/02(1* 

I/O 3 [13 

0NDI14 



24j] 

23 
22 
21 
20 
19 
18 
17 
16 
15 



28 3 Vcc 
27 ] ffE 

S6 ] CS2 

25|JA8 
. A9 
1 All 
1 OE 
1 A10 
' CSI 
1 1/08 
1 1/07 
1 1/0 6 
) 1/05 
1 1/04 



PIN NAMES 



SYMBOL 


NAME 


Ao~A4 


Column Address Inputs 


A5~Al2 


Row Address Inputs 


CST, CS2 


Chip Select Inputs 


WE 


Write Enable Input 


l/0i~l/0a 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (+5V) 


GND 


Ground 


N. C. 


No Connection 



• Single 5V Power Supply 

• Fully Static Operation 
© Power Down Feature : 
o Output Buffer Control : 
o Three State Outputs 

© All Inputs and Outputs 
o Inputs Protected : All 



CSj 
OE 



CS2 



Directly TTL Compatible 
nputs have protection 



against static charge 



BLOCK DIAGRAM 




TMM2063P-10, TMM2063P-1 2 
TMM2063P-15 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


VlN, VoUT 


Input/Output Voltage 


-0.5*~7.0 


V 


Topr 


Operating Temperature 


0-70 


•c 


TSTG 


Storage Temperature 


-55-150 


°C 


TsOLDER 


Soldering Temperature • Time 


260-10 


"C-sec 


Pd 


Power Dissipation (Ta = 70°C) 


0.8 


W 


* -3.0V at Pulse width 50ns 
D. C. RECOMMENDED OPERATING CONDITIONS (Ta =0-70*0 


SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.5** 


- 


0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 



* * -3.0V at Pulse width 50ns 



D. C. CHARACTERISTICS (Ta=0~70°C. Vcc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0V~5.5V 


-10 


- 


10 


*A 


VOH 


Output High Voltage 


Iout=-1 .OmA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


louT=2.1mA 


- 


- 


0.4 


V 


Ilo 


Output Leakage Current 


CST=Vih or CS 2 =Vil or 
WE = Vil or OE=Vih, 
Vout=OV~5.5V 


-10 


- 


10 


liA 


ISBP 


Peak Power-on Current 


CST=Vcc, cs 2 =ov 
louT=OmA 


- 


- 


20 


mA 


ISB 


Standby Current 


CST=Vih or CS 2 =Vil, 
louT=OmA 


- 


- 


10 


mA 


Ice 


Operating Current 


CST=Vil, CS 2 . = Vih, 
louT = OmA 


- 


- 


80 


mA 



CAPACITANCE*** (Ta = 25'C, f=1.0MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


On 


Input Capacitance 


Vin = OV 


5 


PF 


Cout 


Output Capacitance 


Vin = OV 


10 


PF 



* * * Note : This parameter is periodically sampled and is not 100% tested. 
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A. C. CHARACTERISTICS (Ta=0~70'C, Vcc=5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TMM2063P-10 


TMM2063P-12 


TMM2063P-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


Ucc 


Address Access Time 


- 


100 


- 


120 


- 


150 


tC01 


CSi Access Time 


- 


100 


- 


120 


- 


150 


tC02 


CS2 Access Time 


- 


100 


- 


120 


- 


150 


tOE 


OE Access Time 


- 


40 


- 


50 


- 


60 


tOH 


Output Data Hold Time from Address Change 


10 


- 


10 


- 


10 


- 


tCLZ 


CSTor CS2 to Output in Low-Z 


10 


- 


10 


- 


10 


- 


tCHZ 


CSi or CS2 to Output in High-Z 


- 


40 


- 


40 


- 


55 


tOLZ 


OE to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tOHZ 


OE to Output in High-Z 


- 


35 


- 


35 


- 


50 


tPU 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Down Time 


- 


50 


- 


60 


- 


60 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2063P-10 


TMM2063P-12 


TMM2063P-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tew 


Chip Selection to End of Write 


80 


- 


100 


- 


120 


- 


Us 


Address Set Up Time 


10 


- 


10 


- 


10 


- 


tWP 


Write Pulse Width 


70 


- 


85 


- 


100 


- 


tWR 


Write Recovery Time 





- 





- 





— 


tos 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 





- 


tWLZ 


WE to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tWHZ 


WE to Output in High-Z 


- 


30 


- 


35 


- 


40 



A. C. TEST CONDITIONS 



Input Pulse Levels 


Vm = 2.2V, Vil=0.6V 


Input Rise and Fall Time 


10ns 


Input and Output Reference Levels 


1.5V 


Output Load 


1 TTLGate & C L =100pF 
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TIMING WAVEFORMS 

READ CYCLE (1) 



ADDRESSES 



CS2 



DC 



tRC 



^cc 



£J ^ t CQ2 



CS1 



OE 



J OUT 



^& 



HIGH 
IMPEDANCE 



"COl 



c OE 



tQLZ* 5 ' 



t CLzf 5 ' 



tcLZ^ 5 ' 



X 



"tQH 



; iii ii 



■tCHZ^ 5 ) 



MMMMJMMl 



t CHZ( 5 ) 



MMMMim 



UNKNOWN 



tOHZ^ 5 ) 



OUTPUT DATA VALID 



o WRITE CYCLE 1 (4) (WE Controlled Write) 



ADDRESSES 



W 



%C 



X 



C AS 



^^i 



CS2 



CS1 



D OUT 



J IN 



WI///W/M 



till 



t WP 



/ 



l CW 



^ m\\\\\\\\\\\\\\\\\\\v 



l cw 



TT 

(2) 



t WHz( 5 > 



HIG-H 
IMPEDANCE 



I 



C DS 



t WR 



)( 



7/////////////////////M 



twL Z (5) 



TT 
(3) 



^DH 



DATA IN STABLE 



A. 



B-38 



TMM2063P-10, TMM2063P-12 
TMM2063P-15 



WRITE CYCLE 2 (4) (CS1 Controlled Write) 



ADDRESSES 



"WE" 



D( 



*wc 



X 



C AS 



CS2 



CS1 



D OUT 



din 



« 



tCLZffi 



SUPPLY ICC 



t WP 



^W 



tew 



t WHZ< 5 ) 



► 



^S 



t WR 



/ 



HIGH IMPEDANCE 



t DH 



)^DATA IN STABLE j( 



_Jt 



CURRENT ISB ■ 



I 



\ 



WRITE CYCLE 3 (4) (CS2 Controlled Write) 



ADDRESSES 



t WC 



)( 



*AS 



CS2 



CS1 



DquT 



Din 



tCLz(5) 



t WP 



r CW 



\ 



t CW 



t^HZ( 5 ) 



> 



X V3 



%R 



)( 



HIGH IUPEDANCE 



t DH 



VdaTA IN STABLE V 



X 



z 
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Note : 

1 .. WE is High for JRead Cycle. 

2. Assuming that CSi Low transition or CS2 High transition occurs coincident with or after WE Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CS1 High transition or CS2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tcLZ, toLZ, tWLz Output Enable Time 

(B) tcHz, toHZ, twHz Output Disable Time 



CSI ,0E 



\ 



j c 



f 



(A) 



D 0(JT 



HIOH IMPEDANCE 



"^ 



Dqot O- 



(B) 



1 



-fh 



,cL I 



C L -30pF i 



HIOH IMPEDANCE 



1.8 kfl 



1.0 kn 



Fig. 1 Output load condition for enable disable time measurement. 



OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 



Unit: ran 



r\ rfi rji rp rp rp rp 



rji rp rp rn m m r|i 



X RIO I 

\j l|j lJj l|j l)j l[j lJjIlJj l|j Lp lIj l|j LJJ 



12 3 4 5 6 7 8 9 10 11 12 13 14 




NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No. 28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM2064P-10, TMM2064P-12 
TMM2064P-1 5 



DESCRIPTION 

The TMM2064P is a 65.536 bits high speed and 
low power static random access memory organized 
as 8, 1 92 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/1 50ns and maximum operating current of 
80mA. When CSi is a logical high or CS2 is a logical 



low, the deivce is placed in a low power standby 
mode in which maximum standby current is 10mA. 
Thus the TMM2064P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2064P is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high perfomance and high reli- 
ability. 



FEATURES 

• Access Time and Current 



"^\^ Parameter 
Part ^\^ 
Number ^\. 


Access 
Time 
(Max.) 


Operating 
Current 
(Max.) 


Standby 
Current 
(Max.) 


TMM2064P-10 


100ns 


80mA 


10mA 


TMM2064P-12 


120ns 


80mA 


10mA 


TMM2064P-15 


150ns 


80mA 


10mA 



© Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature : 
© Output Buffer Control : 

• Three State Outputs 

• All Inputs and Outputs 
© Inputs Protected : All 



CSj 
OE 



CS2 



Directly TTL Compatible 
nputs have protection 



against static charge. 



PIN CONNECTION 



BLOCK DIAGRAM 



N.C. [ 

A12I 2 

A7[ 3 

A6[ 4 

A5t 5 

A4[ 6 

A3[ 7 

A2I 8 

Al [ 9 

AO t 10 

I/01I 11 

1/02 [ 12 

1/03 1 13 

OND[ 14 



PIN NAMES 



280 V 

27 
26 



ICC 
VE 
] CS2 

25P A8 

24 

23 

22 

21 



1 A9 

] All 
lOB 
]A10 
]CS"T 
3 1/08 
1 1/07 
]I/06 
] 1/05 
] 1/04 



SYMBOL 


NAME 


Ao~A4 


Column Address Inputs 


A5~Al2 


Row Address Inputs 


CST, CS2 


Chip Select Inputs 


WE 


Write Enable Input 


l/0i~l/0a 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 


N. C. 


No Connection 




1/01* 



CS2 O 1 — \ " 

csi o — cL_j~* 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-0.5-7.0 


V 


VlN, VOUT 


Input/Output Voltage 


-0.5*~7.0 


V 


Topr 


Operating Temperature 


0-70 


•c 


TsTG 


Storage Temperature 


-55-150 


•c 


TsOLDER 


Soldering Temperature • Time 


260-10 


'C'sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



* -3.0V at Pulse width 50ns 



D. C. RECOMMENDED OPERATING CONDITIONS (Ta=0-70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.5** 


- 


0.8 


V 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 



* * -3.0V at Pulse width 50ns 



D. C. CHARACTERISTICS (Ta=0~70-C. Vcc=5.0V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0V-5.5V 


-10 


- 


10 


*A 


VOH 


Output High Voltage 


Iout=-1 .OmA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


Iout=2. 1mA 


- 


- 


0.4 


V 


Ilo 


Output Leakage Current 


CST=Vih or CS2 =Vil or 

WE=ViLOrOE=Vi H/ 

Vout=OV~5.5V 


-10 


- 


10 


„A 


ISBP 


Peak Power-on Current 


CST=Vcc, cs 2 =0V 
louT=OmA 


- 


- 


20 


mA 


ISB 


Standby Current 


CST=Vih or CS2=Vil, 
louT=OmA 


- 


- 


10 


mA 


Ice 


Operating Current 


CS7=Vil, CS 2 =Vih, 
louT=OmA 


- 


- 


80 


mA 



CAPACITANCE*** (Ta=25'C, f=1 .0 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance , 


Vin = OV 


5 


PF 


COUT 


Output Capacitance 


Vin = OV 


10 


PF 



* * * Note : This parameter is periodically sampled and is not 100% tested. 
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A. C. CHARACTERISTICS (Ta=0~70'C, Vcc=5V±10%) 



Read Cycle 



SYMBOL 






TMM2064P-10 


TMM2064P-12 


TMM2064P-15 


UNIT 




MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


100 


- 


120 


- 


150 


tC01 


CST Access Time 


- 


100 


- 


120 


- 


150 


tC02 


CS2 Access Time 


- 


100 


- 


120 


- 


150 


tOE 


OE Access Time 


- 


40 


- 


50 


- 


60 


tOH 


Output Data Hold Time from Address Change 


10 


- 


10 


- 


10 


- 


tCLZ 


CSTor CS2 to Output in Low-Z 


10 


- 


10 


- 


10 


- 


tCHZ 


CSi or CS2 to Output in High-Z 


- 


40 


- 


40 


- 


55 


tOLZ 


OE to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tOHZ 


OE to Output in High-Z 


- 


35 


- 


35 


- 


50 


tPU 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Down Time 


- 


50 


- 


60 


- 


60 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2064P-10 


TMM2064P-12 


TMM2064P-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tew 


Chip Selection to End of Write 


80 


- 


100 


- 


120 


- 


tAS 


Address Set Up Time 


10 


- 


10 


- 


10 


- 


tWP 


Write Pulse Width 


70 


- 


85 


- 


100 


- 


tWR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 





- 


tWLZ 


WE to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tWHZ 


WE to Output in High-Z 


- 


30 


- 


35 


- 


40 


A. C. TEST CONDITIONS 


Input Pulse Levels 


Vih = 2.2V. Vil=0.6V 


Input Rise and Fall Time 


10ns 


Input and Output Reference Levels 


1.5V 


Output Load 


1 TTLGate & C L =100pF 
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TIMING WAVEFORMS 

© READ CYCLE (1) 



ADDRESSES 



CS2 



IX 



tRC 



^CC 



CS1 



0~E~ 



» 



C C02 



HIQH 
IMPEDANCE — 



C C01 



"OE 



toLz' 5 )! 



tCLZ* 5 ' 



tcLz( 5 ' 



)C 



-OH 



t CHZ (5) 



II 



t CHZ< 5 ) 



I 



t OHZ< 5 ) 



OUTPUT DATA VALID 



UNKNOWN 



'1 



o WRITE CYCLE 1 (4) (WE Controlled Write) 



ADDRESSES 



"WE" 



zx 



CS1 \ 



D OUT 



J I N 



%C 



tAS 



^ W///////////M 



t WP 



/ 



•tWHZ< 5 > 



HIGH 
IMPEDANCE 



)( 



C WR 



)C 



tWLZ< 5 > 



DATA IN STABLE 



l DH 



)( 



z 
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WRITE CYCLE 2 (4) (CST Controlled Write) 



twc 





_> 


■ 




> 




ADDRESSES 


/ 




/ 




^s 




%p 


t HR 










/ 






We 


x\\\\\\\\\ 


mww 


W/////////////////////// 












CS2 


W/////M 


W//i 


r^ 


t cw 


1M1\11 










t cw 






GS1 


\ 


» 


\ 


/ 




_t<3LZ(5) 




twHzf 5 ) 
















HIQH IMPEDANCE 


D OUT 




^S 








tDH 












din 






Y DATA IN 


STABLE./ 






*PU 




*PD 
















7 




\ 


HTE CYCLE 3 (4) (CS2 Controlled Write) 


%C 










/ 






ADDRESSES 


( 


X 




l AS 




t W p 


r WR 












V / 






WE 


xWWWWW 


\\\\« 


W//////////////////M 












CSii 


Wa 


f 


t cw 


v 










r cw 






CS1 


wwww 


; « 






W///////////////M 






tCLZ< 5 ) 




t wH z(5) 












^ 










HIQH IMPEDANCE 


D OUT 




t DS 










t DH 


i 










D IN 










/daTA IN 


ST/ 


i.BLE 


K 
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Note : 

1 . WE is High for Read Cycle. 

2. Assuming that CSi Low transition or CS2 High transition occurs coincident with or after WE Low transition , Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1 . 

(A) tdz, toLZ, twLZ Output Enable Time < 

(B) tcnz, toHz, twhz Output Disable Time 



WE.CSZ 



V 



j c 



HIGH IMPEDANCE- 



^ j 0.15V 

jrnt o.i5v 



f 



"t 



D 0UT O- 



^ I 0.15V 

\ *HIQH I 

1 ' I 0.15V 



IMIEDANCE C L =30pF 



-it 

Fig. 1 Output load condition for enable disable time measurement. 
OUTLINE DRAWINGS 



Ft 



28 27 26 25 24 23 22 

i-i n n m r-i n n 



4 



21 20 19 18 17 16 15 

n n i-i n n r-i m , 



uuuuuuu 

12 3 4 5 6 7 



UUUUUUU 
8 9 10 11 12 13 14 



Unit: mm 




15.24 TYP. 



trT i K ■!!!■ X 



+ 0.1 
0.2 5 -0.0 5 



NOTES : Each lead pitch is 2.54mm. All leads are locatedwithin 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 

8,192 WORD X 8 BIT CMOS STATIC RAM TC5563APL-1 0, TC5563APL-1 2 
S.L.CON GATE CMOS TC5563APL-1 5 

PRELIMINARY 



DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8, 1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 100ns/1 20ns/1 50ns. 

When CE2 is a logical low or CEi is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2/*A typically. The 
TC5563APL has three control inputs. Two chip 
enables (CEi, CE2) allow for device selection and 
data retention control, and an output enable input 



(OE) provides fast memory access. Thus the 
TC5563APL is suitable for use in various micro- 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 



FEATURES 

o Low Power Dissipation 

27.5mW/MHz (MAx.) Operating 
o Standby Current : 100^A (Max.) Ta = 70°C 
© Access Time 

TC5563APL-10 : 100ns(Max.) 

TC5563APL-12 : 120ns (Max.) 

TC5563APL-1 5 : 1 50ns (Max.) 
o 5V Single Power Supply 

PJN CONNECTION (TOP VIEW) 



TC5563APL 



64k bit EPROM 
TMM2764D 



I/D3: 
QNDql4 

PIN NAMES 




Vpp [ 1 
A12 [ 2 
A7 C 3 
A6 C 4 
A5 C 5 
A4 C 6 
A3 C 7 
A2 18 
Al C 9 
AO C 10 

00 C 1.1 

01 C 12 

02 C 13 
QND C 14 



] VCC 
] POM 
] N.C. 
J A8 
3 A9 
] All 

:0~E 

1A10 
] CE 
J O7 
3 06 
]0 5 
] 4 
) 03 



A0--A12 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


GET, CE 2 


Chip Enable Inputs 


I/Oi-I/Ob 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 



o Power Down Features : CE2, CE1 

o Fully Static Operation 

o Data Retention Supply Voltage : 2.0-5.5V 

o Directly TTL Compatible 

: All Inputs and Outputs 
o Pin Compatible with 2764 type EPROM 
o TC5565APL Family (Package Type) 



Package Type 


Device Name 


600 mil DIP 


•TC55-65APL 


300 mil DIP 
(Slim Package) 


TC5563APL 


Flat Package(SOP) 


•TC5565AFL 



* ) See TC5565APL Technical Date. 



BLOCK DIAGRAM 



CLOCK M PHKUHAHHK 

OKNKHATOH fl CIHCIMT 
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TC5563APL-15 



OPERATION MODE 



OPERATION MODE 


CET 


CE 2 


OE 


R/W 


l/Oi—l/Oa 


POWER 


Read 


L 


H 


L 


H 


Dout 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


Idds 


* 


L 


* 


* 


High-Z 


Idds 



: H or L 
MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-0.3*~7.0 


V 


Vi/o- 


Input and Output Voltage 


-0.5~Vdd+0.5 


V 


Pd 


Power Dissipation 


0.8 


W 


TsOLDER 


Soldering Temperature 


260-10 


'C-Sec 


TsTG 


Storage Temperature 


-55-150 


•c 


Topr 


Operating Temperature 


0-70 


•c 



* : - 3.0V at Pulse width 50ns 
D. C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


-5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



*: -3.0V at Pulse width 50ns 

D. C and OPERATING CHARACTERISTICS 



(Ta = 0~70°C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0~Vdd 


- 


- 


±1.0 


aA 


l0H 


Output High Current 


Voh = 2.4V 


-1.0 


- 


- 


mA 


IOL 


Output Low Current 


Vol = 0.4V 


4.0 


- 


- 


mA 


Ilo 


Output Leakage Current 


CET=Vih orCE 2 = Vi L or 
R/W = Vil orOE = Vi H 
Vout = 0— Vdd 


- 


- 


±1.0 


*A 


Iddoi 


Operating Current 


Vdd = 5.5V lout=OmA 

CE7=Vil 

CE 2 =Vih 

Other Input 

= Vih/Vil 


tCYCLE= 1//S 


- 


- 


10 


mA 


tcYCLE= Min. cycle 


- 


- 


45 


mA 


IDD02 


Operating Current 


Vdd = 5.5V 
CE7-0.2V 
CE 2 =Vdd-0.2V 
Other Input lout=0mA 
= Vdd-0.2V/0.2V 


tCYCLE= IfiS 


- 


- 


5 


mA 


tcYCLE= Min. cycle 


- 


- 


40 


mA 


Iddsi 


Standby Current 


CE"i = Vih orCE 2 = Vi L 


- 


- 


3 


mA 


*IdDS2 


Standby Current 


CE~i = VDD-0.2Vor 

CE 2 = 0.2V 

Vdd = 2.0~5.5V 


- 


2 


100 


U A 



* : In standby mode with CEi^Vdd-0.2V, 
CE 2 ^0.2V. 



these specification limits are guaranteed under the condition of CE2^Vdd — 0.2V or 

— B-48 — 



TC5563APL-10, TC5563APL-12 
TC5563APL-15 



CAPACITANCE (Ta = 25"C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


PF 


CoUT 


Output Capacitance 


Vout = GND 


10 


PF 



Note : This parameter periodically sampled is not 100% tested. 



A. C. CHARACTERISTICS 



(Ta=0~70C, Vdo^5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5563APL-10 


TC5563APL-12 


TC5563APL-15 


UNIT 
ns 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


tACC 


Address Access Time 


- 


100 


- 


120 


- 


150 


ns 


tcoi 


CE1 Access Time 


- 


100 


- 


120 


- 


150 


ns 


tC02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


ns 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


ns 


tCOE 


Chip Enable (ClFT, CE2) to 
Output in Low-Z 


10 


- 


10 


- 


15 


- 


ns 


IOEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


tOD 


Chip Enable (CET. CE2) to Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


tODO 


Output Enable to Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


tOH 


Output Data Hold Time 


20 


- 


20 


- 


20 


- 


ns 



Write Cycle 



SYMBOL 


PARAMETER 


TC5563APL-10 


TC5563APL-12 


TC5563APL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tWP 


Write Pulse Width 


60 


- 


70 


- 


90 


- 


ns 


tew 


Chip Selection to End of Write 


80 


- 


85 


- 


100 


- 


ns 


tAS 


Address Set up Time 





- 





- 





- 


ns 


tWR 


Write Recovery Time 





- 





- 





- 


ns 


tODW 


R/W to Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


tOEW 


R/W to Output in Low-Z 


5 


- 


5 


- 


10 


- 


ns 


tDS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


ns 


tDH 


Data Hold Time 





- 





- 





- 


ns 



A. C. TEST CONDITIONS 



Output Load 




100pF+1 TTL Gate 


Input Pulse Level 




0.6V, 2.4V 


Timing Measurement 


VlN 


0.8V, 2.2V 


Reference Level 


Vour 


0.8V, 2.2V 
5ns 
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TIMING WAVEFORMS 

• READ CYCLE (1) 



ADDRESSES 



CE 2 



CEj 



D OUT 



VlH — V,^ 

VlL — A V IL 




£ =^M 



UNKNOWN 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 



t wc 



ADDRESSES 



R/W 



CE a 



J OUT 



vih — y 




Z ~//////////////M 



V IL — 1 



D CW 



(2) 



'ODW 



'IH 



-DS 



tQEW 



DATA IN Y/ 

STABLE X 



t DH 
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o WRITE CYCLE 2 (4) (CE1 Controlled Write) 



ADDRESSES 



R/W 



; El 



J IN 



VlH — \ C 

ViL - A 



fc AS 



t W p 



» 



Z-E 



VlH 



VlH — 
■ViL — 



S ^i . 



w 



™ 



tCOE 



mm 



tODW 



/ 



tWRl 



t DHl 



DATA IN ^c/ 

STABLE IX 



o WRITE CYCLE 3 (4) (CE2 Controlled Write) 



twc 



ADDRESSES 


Vih - \, 

ViL- / 


t 


X 




tAS 


t wp 


tWRl 












^ 






R/W 


^.'iWWWWW^ 


w\\\m 


W///////////////////A 




Vih — 

ViL— ,' 








CE 2 


W//// 


£ 


r -cw 


s « 








1 tew 




CE^ 


-=\\\\\\w 


» 


V 




'///////////////////M 






tCOE 




tQDW 












D OUT 








X DS 


t DHl 












Din 


V IH — 

Vti.— 








>4 


1 DATA IN 3 
t STABLE ; 


< 
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Note : 

1 . R/W is High for Read cycle, 

2. Assuming that CEi low transition of CE2 High transition occurs coincident with or after R/W Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE2I0W transition occurs coincident with or prior to R/W High transition 
Outputs remain in a high impedance state. t 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period 

DATA RETENTION CHARACTERISTICS (Ta = 0~70 C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Standby Supply Current 


Vdd = 3.0V 


- 


- 


50 


*A 


Vdd = 5.5V 


- 


- 


100 


„A 


tCDR 


Chip Deselection to Data Retntion Mode 





- 


- 


^s 


tR 


Recovery Time 


tRC* 


- 


- 


ns 



* : Read cycle time. 

• CET Controlled Data Retention Mode (1 



Vdd 



Data Retention Mode 




QND 



• CE2 Controlled Data Retention Mode (3) 
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Note : _ 
1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V or CE2^Vdd-Q.2V. 

2. If the Vih of CE, is 2.2V in operation, Iddsi current flows during the period that the Vdd voltage is going down 
from 4.5V to 2.4V. 

3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V. 

DEVICE INFORMATION 

The TC5563APL is an asynchronous RAM using address activated circuit technology, thus th° internal operation 
is synchronous. Then once row address change occur, the precharge operation is executed by inte;. ^I pulse 
generated from row address transient. Therefore the peak current flows only after row address change, as si.-..wn 
in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 0.1/^F. decoupling 
capacitor for every device is recommended to eliminate such noise. 



ADDRKUSKtS 



UlA) 
60 
40 























;: 






J 


i 


























































































L 










— 


- 




\: 






\ 



























V DD =&5V 

V IH = ix3V 



'11/ 



■ 0.2V 



Horizon 200na/div 



TYl'ICAl, CUKHENT WAVKKORMB 
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OUTLINE DRAWINGS 



• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



28 27 26 25 24 23 22 21 20 19 18 17 IS 15 Unit: HE 



p rjl rjl rp rp rp rp 



E 



rp rp rp rp rp rp rL 



|j [Jj ill UJ LJJ lI| UjIlJj l|j LjJ ill l|j 0" 



12 3*5 8 7 8 8 10 11 12 13 It 




Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 



Note : Toshiba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May, 1 986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 



TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 



PRELIMINARY 



DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8, 1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1_00ns/1 20ns/1 50ns. When CE2 is a 
logical low or CE1 is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0. 6^A typically. The TC5563APL has three 
control inputs. Two chip enables (CE1 , CE2) allow for 
device selection and data retention control, and an 
output enable input (OE) provides fast memory 



access. Thus the TC5563APL is suitable for use in 
various microprocessor application systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 



FEATURES 

• Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 

• Standby Current : 1//A (Max.) Ta = 25°C 



> Access Time 
TC5563APL-10L 
TC5563APL-12L 
TC5563APL-15L 



100ns (Max.) 
120ns (Max.) 
150ns (Max.) 



• 5V Single Power Supply 

• Power Down Features : CE2, CE1 

• Fully Static Operation 

• Data Retention Supply Voltage : 2.0-5. 5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 



PIN CONNECTION (TOP VIEW) 



TC5563APL 



64k bit EPROM 
TMM2764D 



N.C 
A12IJ2 

A 7 [ 3 
A6t 4 
A&[ 5 
A4[ 6 
A3t 7 
A2[ 8 
Alt 9 
AOC It 

i/oic 1: 

1/02 [ i: 

1/03 c 1: 

OND£ 1< 



3 JVDD 
7 1R/W 
5 JCE2 
25 ] A8 
24 ] A9 
23 ] AH 
22 ] 0~E"~ 
21 ] A10 
20 ] CEl 
19 ] 1/08 
18 ) I/O7 
17 ] 1/06 
16 ] I/Ob 
lb J I/O4 



vppt 1 

A12C 2 
A?[ 3 
A6t 4 
A5t 5 
A4[ 6 
A3[ 7 
A2I 8 
Al[9 
A0[ 10 
00 [ 11 
Ol[ 12 
02[ 13 

QNDC 14 



20 



28 JVCC 
3P0M 
3 N.C. 
]A8 
]A9 
] Al 1 
JOE 
1A10 
]CE 



19 ]07 
18]0 6 



17 
16 
lbh03 



]05 
j0 4 



PIN NAMES 



Ao-Au 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


c!7, CE2 


Chip Enable Inputs 


l/0i~l/0s 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


N. C. 


No Connection 



Package Type 


Device Name 


600 mil DIP 


•TC5565APL 


300 mil DIP 
(Slim Package) 


TC5563APL 


Flat Package(SOP) 


♦TC5565AFL. 



* : See TC5565APL/AFL Technical Date. 
BLOCK DIAGRAM 
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OPERATION MODE 



OPERATION MODE 


CEi 


CE 2 


OE 


R/W 


1/0,-1/0, 


POWER 


Read 


L 


H 


L 


H 


Dout 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


Idds 


* 


L 


* 


* 


High-Z 


Idds 



* : H or L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-0.3'~7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vdd+0.5 


V 


Pd 


Power Dissipation 


0.8 


W 


Tsolder 


Soldering Temperature 


260-10 


"C-Sec 


TSTG 


Storage Temperature 


-55-150 


•c 


Topr 


Operating Temperature 


0-70 


•c 



-3.0V at Pulse width 50ns 



D. C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



-3.0V at Pulse width 50ns 
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TC5563APL-10L, TC5563APL-12L 
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D. C and OPERATING CHARACTERISTICS ITa=0~70C. Vod=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0~Vdd 


- 


- 


±1.0 


^A 


l0H 


Output High Current 


Voh = 2.4V 


-1.0 


- 


- 


m'A 


lOL 


Output Low Current 


Vol = 0.4V 


4.0 


'- 


.- 


mA 


Ilo 


Output Leakage Current 


CET=Vih or CE?=Vil or 
R/W=Vil or OE=Vih 
Vout = 0~Vdd 


- 


- 


±1.0 


nh 


Iddoi 


operating Current 


Vdd = 5.5V lout=0mA 

CET=Vil 

CE 2 = Vih 

Other lnput=ViH/Vn 


tCYCLE = 1//S 


- 


- 


10 


mA 


tcvcLE = Min. cycle 


- 


- 


45 


IDD02 


Operating Current 


Vdd=5.5V 
CE7=0.2V 
CE 2 =Vdd-0.2V 
Other Input. lout=0mA 
=Vdd-0.2V/0.2V 


tCYCLE= V s 


- 


- 


5 


mA 


tcYCLE = Min. cycle 


- 


- 


40 


Iddsi 


Standby Current 


CET=Vih or CE 2 =Vil 


- 


- 


3 


mA 


*IdDS2 


Standby Current 


CET=V D D-0.2Vor 
CE 2 =0.2V 


Ta = 25*C 


- 


0.6 


1.0 


M 


Ta = 0~70'C 


- 


- 


30 



* : In standby mode with CEi^Vdd-0.2V, these specification limits are guaranteed under the condition of CE2^Vdd~0.2V or 
CE 2 ^0.2V 



CAPACITANCE (Ta = 25C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


PF 


COUT 


Output Capacitance 


Vout = GND 


10 


PF 



Note : This parameter periodically sampled is not 100% tested. 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 



A. C. CHARACTERISTICS 



(Ta = 0~70°C, Vdd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5563APL-10L 


TC5563APL-12L 


TC5563APL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


100 


- 


120 


- 


150 


tcoi 


CE1 Access Time 


- 


100 


- 


120 


- 


150 


tC02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


tCOE 


Chip Enable (CET, CE2) to 
Output in Low-Z 


10 


- 


10 


- 


15 


- 


tOEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tOD 


Chip Enable (CET, CE2) to Output in High-Z 


- 


35 


- 


40 


- 


50 


tODO 


Output Enable to Output in High-Z 


- 


35 


- 


40 


- 


50 


tOH 


Output Data Hold Time 


20 


- 


20 


- 


20 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC5563APL-10L 


TC5563APL-12L 


TC5563APL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tWP 


Write Pulse Width 


60 


- 


70 


- 


90 


- 


tew 


Chip Selection to End of Write 


80 


- 


85 


- 


100 


- 


tAS 


Address Set up Time 





- 





- 





- 


tWR 


Write Recovery Time 





- 





- 





- 


tODW 


R/W to Output in High-Z 


- 


35 


- 


40 


- 


50 


tOEW 


R/W to Output in Low-Z 


5 


- 


5 


- 


10 


- 


tDS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 





- 



A. C. TEST CONDITIONS 



Output Load 




100pF+1 TTL Gate 


Input Pulse Level 




0.6V, 2.4V 


Timing Measurement 


VlN 


0.8V. 2.2V 


Reference Level 


VoUT 


0.8V. 2.2V 


tr, tl 




5ns 
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TIMING WAVEFORMS 
o READ CYCLE (1| 



TC5563APL-1 OL, TC5563APL-12L 
TC5563APL-15L 



ADDRESSES 



CEj. 



D OUT 



VIH — V/^VlH 

V IL — / ;VlL 



"z-wm 



z -mm 



'OH 



tcos 



t C01 



tRC 



t 0E 



■tCQE 



t COE 




MZMMMi 



"tQD 



tQDO 



OUTPUT DATA VALID 



M/////////////, 



z 




• WRITE CYCLE 1 (4) (R/W Controlled Write) 



two 



ADDRESSES 



R/W 



CEg 



CE]_ 
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TC5563APL-1 OL, TC5563APL-12L 
TC5563APL-15L 

• WRITE CYCLE 2 (4) (CIi Controlled Write) 



ADDRESSES V IH 



IX 



X 



t wp 



t WRl 



R/W 



VlL — 



Vtt. — 



V TH 

CEi iH 

VlL — 



J OUT 



VlH— " 



D cw 



*« 



tew 



c COE 



wm 



tQDW 



tDS 



/ 



"DH1 



DATA IN ^\f 
STABLE f\ 



z 



o WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES 



R/W 



VlH - ~\ f 
VlL ~ A 



V IH — O 
VlL" ^ 



'IH — 



Vth — , 



V IL-\V 



'IH 
r IL 



X 



MA 



t WP 



MMMMM2L 



-cw 



\. 



ML 



t COE 



tODW 



\ 



t DS 



*WR1 



t DHl 



DATA IN S \f 
STABLE i\ 
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TC5563APL-10L, TC5563APL-12 
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Note : 

1 . R/W is High for Read Cycle. 

2. Assuming thatCEi Low transition of CE2 High transition occurs coincident with or after R/W Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occures coincident with or prior to R/W High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



l^^J^E[^^^9S^^^?^}f^li^ a=0 ~ mc) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Stand by Supply Current 


Vdd=3.0V 


— 


— 


15 


*A 


Vdd = 5.5V 


- 


- 


30 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


M S 


tR 


Recovery Time 


tRC* 


- 


- 


ns 



* : Read cycle time. 



CE1 Controlled Data Retention Mode (1) 




DATA RETENTION MODE 



V DD -0.2V 



(2) 



CE2 Controlled Data Retention Mode (3) 



v D d 

4.5 V 

VlH 

VlL 
GND' 





\ 




DATA RETENTION MODE 




/ 






^ 








I 


CE 2 


t CDR 


\ 


I 


/ 


t R 


\ 






0.2V 






/ 




\\\\\\\ 


mill) 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 

Note : 

1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 
0.2V orCE2j=VDD-0.2V. 

2. If the Vih of CEi is 2.2 V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 
0.2V. 



DEVICE INFORMATION 

The TC5563APL/F is an asynchronous RAM using 
address activated circuit technology, thus the inter- 
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
1//F decoupling capacitor for every device is 
recommended to eliminate such noise. 

► DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



ADDRESSES 



J-DDO 
(■A) 20 











zz 




Jl 
















-4- 




















t 








41 




1 




44 








tu 












-■ r- 





V DD =&bV 
V IH ="V 
V IL =Q2V 
Horizon lOOnS/div 



Fig. TYPICAL CURRENT WAVEFORMS 




Note 



Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 



Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 



iDESCklPTIONl 

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words 
by 8 bits using CMOS technology, and operates from a single 5V supply. Advanced cir- 
cuit techniques provide both high speed and low power features with a maximum operat- 
ing current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 

When CE2 is a logical low or CE1 is a logical high, the device is placed in low power 
standby mode in which standby curr ent is 2pA typically. The TC5565APL/AFL has three 
control inputs. Two chip enable (CEl, CE2) allow for device selection and data re- 
tention control, and an output enable input (OE) provides fast memory access. Thus 
the TC5565APL/AFL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. 

The TC5565APL also features pin compatibility with the 64K bit EPROM (TMM276AD) . 
RAM and EPROM are then interchangeable in the same socket, resulting in flexibility 
in the definition of the quantity of RAM versus EPROM in microprocessor application 
systems. The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. 
The TC5565AFL is offered in 28 pin mini Flat Package. 



FEATURES 



. Low Power Dissipation 

27.5mW/MHz(Max.) Operating 

. Standby Current : 100yA(Max.) Ta=70°C 

. Access Time 

TC5565APL/AFL-10 : 100ns (Max.) 
TC5565APL/AFL-12 : 120ns(Max.) 
TC5565APL/AFL-15 : 150ns(Max.) 

. 5V Single Power Supply 

. Power Down Features: CE2, CEl 

. Fully Static Operation 

. Data Retention Supply Voltage: 2.0-5. 5V 

PIN CONNECTION! (TOP VIEW) 



Directly TTL Compatible 

: All Inputs and Outputs 
Pin Compatible with 2764 type EPROM 
TC5565APL Family (Package Type) 



Package Type 


Device Name 


600 mil DIP 


TC5565APL 


300 mil DIP 
(Slim Package) 


*TC5563APL 


Flat Package 
(SOP) 


TC5565AFL 



See TC5563APL Technical Data. 



TC55 65APVAFL 



N.C. C 1 
A12 C 2 
A7 C 3 
A6 C 4 
A5 C 5 
A4 C 6 
A3 C 7 
A2 C 8 
Al C 9 
AO C 10 
I/°lI 11 
I/0 2I 12 
I/0 3 : !3 
ONDC u 



PIN NAMES 



28 3 V DD 

27 3 R/W 

25 3 CE 2 

25 3 As 

24 3 Ag 

233 Aij_ 

223 OTT 

213 Ajn 

203 CEi 

osii/os 

IB 3 i/0 7 
17 J t/0 6 

IS J I/0 5 

lap i/o 4 



64l£ bit EPROM 
TMM2764D 

Vr 




VDD 
OND 



A0-A12 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE1.CE2 


Chip Enable Inputs 


I/01-I/08 


Data Input/Output 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 




Sft±!i33 
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TC5565APM0, TC5565APL-12, TC5565APL-15 
TC5565AFM0, TC5565AFL-12, TC5565AFL-15 

OPERATION MODE 



OPERATION MODE 


CEl 


CE2 


OE 


R/W 


I/01-I/08 


POWER 


Read 


L 


H 


L 


H 


DoUT 


Iddo 


Write 


L 


H 


* 


L 


din 


iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


!DDS 


* 


L 


* 


* 


High-Z 


Idds 



: H or L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3-7.0 


V 


VIN 


Input Voltage 


*-0. 3-7.0 


V 


Vl/O 


Input and Output Voltage 


-0.5-VDD+0.5 


V 


PD 


Power Dissipation 


1.0/0.6** 


W 


Tsolder 


Soldering Temperature 


260-10 


°C»sec 


Tstg 


Storage Temperature 


-55-150 


°C 


T opr 


Operating Temperature 


0-70 


°c 



* -3.0V at pulse width 50ns MAX. ** Flat package 



D.C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT ' 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V D H 


Data- Retention Supply Voltage 


2.0 


- 


5.5 


V 
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D.C and OPERATING CHARACTERISTICS (Ta=0~70°c, V DD =5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage 
Current 


Vin=o~vdd 


- 


- 


±1.0 


MA 


I OH 


Output High Current 


V OH =2.4V 


-1.0 


- 


- 


mA 


lOL 


Output Low Current 


V L=0.4V 


4.0 


- 


- 


mA 


lLO 


Output Leakage 
Current 


CE1=Vih or CE2=Vol or 
R/W=Vi L or OE=Vih 
VoUT=0~ v DD 


- 


- 


±1.0 


UA 


I DD01 


Operating Current 


V DD =5.5V 
CEl=VlL 
CE2=Vi H 
Other input= 

vih/Vil 


t C y C ie=1.0ys 


- 


- 


10 


mA 


TC5565APL-10 
TC5565AFL-10 


tcycle 
=100ns 


- 


- 


45 


mA 


TC5565APL-12 
TC5565AFL-12 


tcycle 
=120ns 


- 


- 


40 


mA 


TC5565APL-15 
TC5565AFL-15 


tcycle 
=150ns 


- 


- 


35 


mA 


!dD02 


V DD =5.5V 
CEi=0.2V 
CE2=Vdd-0.2V 
Other input= 
V DD -0.2V/0.2V 


tcycle = l-Ofs 


- 


- 


5 


mA 


TC5565APL-10 
TC5565AFL-10 


tcycle 
=100ns 


- 


- 


40 


mA 


TC5565APL-12 
TC5565AFL-12 


tcycle 
=120ns 


- 


- 


35 


mA 


TC5565APL-15 
TC5565AFL-15 


tcycle 
=150ns 


- 


. - 


30 


mA 


IDDS1 


Standby Current 


CE1=Vih or CE2=Vi L 


- 


- 


3 


mA 


* I DDS2 


CE1=V D d-0.2V or 


V DD =5.5V 


- 


2 


100 


UA 


CE2=0.2V 




V DD =3.0V 


- 


1 


50 


UA 



Note * : In standby pode with 
under the. condition 



CE1^Vdd-0.2V, these specification 
of CE2^V DD -0.2V or CE2^0.2V. 



limits are guaranteed 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin=GND 


- 


- 


10 


pF 


COUT 


Output Capacitance 


VouT" GND 


- 


- 


10 


pF 



Note : This parameter periodically sampled is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=CWO°C, V DD =5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC5565APL-10 
TC5565AFL-10 


TC5565APL-12 
TC5565AFL-12 


TC5565APL-15 
TC5565AFL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Time 


100 


- 


120 


'- 


150 


- 


ns 


tACC 


Address Access Time 


- 


100 


- 


120 


- 


150 


ns 


tcoi 


CEi Access Time 


- 


100 


- 


120 


- 


150 


ns 


CC02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


ns 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


ns 


c COE 


Chip Enable (CEi, CE2) to 
Output in Low-Z 


10 


- 


10 


- 


15 


- 


ns 


c OEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


tOD 


Chip Enable (CEi, CE2) to 
Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


tODO 


Output Enable to Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


c OH 


Output Data Hold Time 


20 


- 


20 


- 


20 


- 


ns 


Write Cycle 


SYMBOL 


PARAMETER 


TC5565APL-10 
TC5565AFL-10 


TC5565APL-12 
TC5565AFL-12 


TC5565APL-15 
TC5565AFL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


twp 


Write Pulse Width 


60 


- 


70 


- 


90 


- 


ns 


C CW 


Chip Selection to End of Write 


80 


- 


85 


- 


100 


- 


ns 


t A s 


Address Set up Time 





- 





- 





- 


ns 


tWR 


Write Recovery Time 





- 





- 





- 


ns 


tODW 


R/W to Output High-Z 


- 


35 





40 


- 


50 


ns 


tOEW 


R/W to "Output Low-Z 


5 


- 


5 


- 


10 


- 


ns 


C DS 


Data Set up Time 


40 


- 


50 


- 


60 


- 


ns 


C DH 


Data Hold Time 





- 





- 





- 


ns 



A.C. TEST CONDITION 



Output Load 
Input Pulse Level 
Timing Measurement Vifj 
Reference Level Vout 
tr, tf 



lOOpF + 1 TTL Gate 

0.6V, 2.4V 

0.8V, 2.2V 

0.8V, 2.2V 

5ns 
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TIMING WAVEFORMS 
READ CYCLE (1) 



TC5565APL-1 0, TC5565APL-1 2, TC5565APL-1 5 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 



ADDRESSES 



CE 2 



CEi 



OE 



DqUT 



VlH — ~~\ r 



r RC 



VlH 
VlL 





■OD 



t ODO 



OUTPUT DATA VALID 



A 



UNKNOWN 



WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



R/W 



CE 2 



CEx 



DquT 



Din 





o 


*WC 




« 




VlH - 
VlL - 


r 7 


<: 




- tAS »l 


twp 


r WR 






h 






7< 






VlH * 
V TT, * 




In 


V 










VlH- 
V IL" 


-Wl 


W/////////A 


r cw 


m\\^»^M 




^cw 








VlH ■ 
VlL " 


=m\\\\\\\m r 


J 


<W////////////////M 




-•■ 


*ODW 






1 ^-OEW 




mmhimm 


V 








«^1* 




m *DS 










t DH 






* 
















L DATA IN 

STABLE ^ 


d 





B-67 — 



TC5565APH0, TC5565APL-12, TC5565APL-15 
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WRITE CYCLE 2 (4) (CE"l Controlled Write) 



ADDRESSES 



R/W 



CE 2 



CEi 



D OUT 



Din 













r wc 










O 






"IH 
VlL 


: t 




• tAS . 




twp 


* t WR ^ 




VlH 
VlL 


ixwmww 


wwwm j////////////////////////m 












VlH 
VlL 


-W////M 


•Wffl\ 


I 


... mimi« 








' t CW 




VlH 

VlL 


— i 


Mfct 


/ 




t COE 




, t ODW 








ft 


'////, 


TV 






Xl 


7/ 


r DS 


x m 












VlH 
VlL 


— 








y 


L DATA IN W 
f STABLE 7 \ 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES 



R/W 



CE 2 



CE3. 



Dqut 



D IN 






~zy, 



t WC 



X 



, t AS 



V IH —x 
VlL — ^ 



VlH 
▼llf-. 



VlH 
VlL 



— 1 



▼iH 
VlL 



16 WP 



s » 



^CW 



V 



t CW 



t COE 



t ODW 



t WR 



t DS J ^DH 

>) L DATA IN \/ 

j STABLE A 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-1 0, TC5565AFL-1 2, TC5565AFL-1 5 

Note 1. R/W is High for Read Cycle. 

2. Assuming that CEi Low transition of CE2 High transition occurs coincident 
with or after R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEi High transition or CE2 Low transition occure coincident 
with or prior to R/W High transition, Outputs remain in a high impedance 
state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 



DATA RETENTION' CHARACTERISTICS (Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


I DDS2 


Stand by Supply Current 


V DD =3.0V 


- 


- 


50 


UA 


V DD =5.5V 


- 


- 


100 


C CDR 


Chip Deselection to Data Retention Mode 





- 


- 


US 


tR 


Recovery Time 


tRC(l) 


- 


- 


Us 



Note (1) : Read cycle time. 



CEi Controlled Data Retention Mode (2) 

v DATA RETENTION MODE 



Vdd 

5.5 V 

V IH 
ONO~ 



(3) 



CEi 



-CDR 



VDD-0-2V 



(3) 



. *R J 



CE2 Controlled Data- Retention Mode (4) 
vdd 

4.5 V 



VlH 



V IL 

OND 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

Note 2 : In CEl controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2^0.2V or CE2 ^Vqd-0. 2V. 

3 : If the Vih of CEl is 2.2V in operation, I^DSl current flows during the 

period that the Vdq voltage is going down from 4.5V to 2.4V. 

4 : In CE2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2^0.2V. 

DEVICE INFORMATION 

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology, 
thus the internal operation is synchronous. Then once row address change occur, 
the precharge operation is executed by internal pulse generated from row address 
transient. Therefore the peak current flows only after row address change, as 
shown in the following figure. 

This peak current may induce the noise on Vnc/GND lines. Thus the use of about 
O.lyF decoupling capacitor for every device is recommended to eliminate such noise. 



ADDRESSES 



Iddo 

(mA) 













! 


r 




>; 
















1 




















| 
















_ 




I 






I 




\ 






i 








, w . 












, 



V DD ="V 
V IH = &3V 
V IL =CL2V 
Horizon 100ne/div 



Fig. TYPICAL CURRENT WAVEFORMS 
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DIP 28 PIN OUTLINE DRAWING (6D28A-P] 



Unit in mm 



28 

f— ir-il—ir-ir-it— ir-ir-ii— ii— ir-ir— ii— i 



15 



) 



I— I I— IUUUUUL II— It— IL— ll—IL— Jl— I 
1 14 



3 80 MAX 




15.24±0.25 



1.4±0.15 



31 



0~ 15' 



Note) Lead pitch is 2. 54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 



MFP 28 PIN OUTLINE DRAWING (F28GC-P) 
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itch is 1.27 and tolerance 
l lead that is obtained on 


0.12 
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8 leads. 
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TOSHIBA NIOS MEMORY PRODUCT 



8.192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 



TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 



DESCRIPTION 

The TC5565APL/AFL is 65 , 536 bit static random 
access memory organized as 8,192 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1_OOns/1 20ns/ 1 50ns. When CE2 is a 
logical low or CE1 is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0. 6^A typically. The TC5565APL/AFL has 
three control inputs. Two chip enables (CE1, CE2) 
allow for device selection and data retention control, 
and an output enable input (OE) provides fast mem- 



ory access. Thus the TC5565APL/AFL is suitable for 
use in various microprocessor application systems 
where high speed, low power, and battery back up 
are required. 

The TC5565APL/AFL also features pin compati- 
bility with the 64k bit EPROM (TMM2764D). RAM 
and EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5565APL/AFL is offered in a dual-in-line 
28 pin standard plastic package. 



FEATURES 

o Low Power Dissipation 

27.5mW/MHz (MAx.) Operating 
o Standby Current : 1^A (Max.) Ta = 25°C 
o Access Time 



TC5565APL/AFL-10L 
TC5565APL/AFL-12L 
TC5565APL/AFL-1 5L 



100ns (Max. 
120ns (Max. 
150ns (Max. 



PIN CONNECTION (TOP VIEW) 



TC5565APL/APL 



64k bit EPROM 
TMM2764D 



N.C. £ 1 

A12t 

A7C 

A6t 

A5t 

A4I 

A3C 

A2[ 8 

Alt 

A0£ 

I/01[ 

1/02 [ 

I/03C 

QND[ 



]V D D 
]R/* 
JCE2 
] A8 
] A9 
3 All 
]OTT 
3 A10 
]CEl 
19 ) 1/08 
18 ] I/O7 
17 ] 1/06 
16 ] I/O5 
lb ] I/O4 



VPPC 1 
A12C2 
A7C 3 
A6C 4 
A5C 5 
A4I 6 
A3t 7 
A2t 8 
Alt 9 
A0£ 10 
001 11 
0l[12 
02£ 13 
0ND[ 14 



JVCC 

3 pom 
J n.c. 

IA8 

]A9 

] A11 

]0E 

3A1Q 

]CE 

3O7 

]°6 

]05 

]0 4 

]03 



NAMES 



Ao~Ai2 


Address Inputs 


R/W 


ReadAA/rite Control Input 


OE 


Output Enable Input 


CE7, CE2 


Chip Enable Inputs 


l/Oi — l/Oa 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 


N. C. 


No Connection 



o 5V Single Power Supply 

o Power Down Features : CE2, CE1 

o Fully Static Operation 

o Data Retention Supply Voltage : 2.0 — 5. 5V 

o Directly TTL Compatible 

: All Inputs and Outputs 
o Pin Compatible with 2764 type EPROM 
o TC5565APL Family (Package Type) 



Package Type 


Device Name 


600 mil DIP 


TC5565APL 


300 mil DIP 
(Slim Package) 


♦TC5563APL 


Flat Package(SOP) 


TC5565AFL 



* : See TC5563APL Technical Date. 



BLOCK DIAGRAM 



vdd 

OND 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
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OPERATION MODE 



OPERATION MODE 


CE~, 


CE 2 


OE 


R/W 


I/O, -I/O. 


POWER 


Read 


L 


H 


L 


H 


Dout 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


Idds 


* 


L 


* 


* 


High-Z 


Idds 



* : H or L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


' V 


VlN 


Input Voltage 


-0.3*~7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vdd+0.5 


V 


Pd 


Power Dissipation 


1.0/0.6*' 


W 


TSOLDER 


Soldering Temperature 


260-10 


"C-Sec 


TsTG 


Storage Temperature 


-55-150 


■c 


Topr 


Operating Temperature 


0-70 


•c 



*: -3.0V at Pulse width 50ns 
* * : Flat package 



D. C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3' 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



-3.0V at Pulse width 50ns 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-1 5L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-1 5L 



D. C and OPERATING CHARACTERISTICS (Ta=0~70C, Vdd=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0~Vdd 


- 


- 


±1.0 


^A 


IOH 


Output High Current 


Voh = 2.4V 


-1.0 


- 


- 


mA 


IOL 


Output Low Current 


Vol=0.4V 


4.0 


- 


- 


mA 


Ilo 


Output Leakage Current 


CE7=Vih or CE?=Vil or 
R/W=Vi L orOE = ViH 
Vout = 0~Vdd 


- 


- 


±1.0 


AA 


Iddoi 


operating Current 


Vdd = 5.5V lout=0mA 
CE7=Vil 

CE2 = VlH 

Other lnput=ViH/Vii 


tCYCLE = 1/*S 


- 


- 


10 


mA 


tcvcLE = Min. cycle 


- 


- 


45 


IDD02 


Operating Current 


Vdd = 5.5V 
CE7=0.2V 
CE 2 =Vdd-0.2V 
Other Input. lout=0mA 
=Vdd-0.2V/0.2V 


tCYCLE=1/*S 


- 


- 


5 


mA 


tcYCLE = Min. cycle 


- 


- 


40 


Iddsi 


Standby Current 


CET=ViHOrCE 2 =Vi L 


- 


- 


3 


mA 


*lDDS2 


Standby Current 


CET=VDD-0.2Vor 
CE 2 =0.2V 


Ta = 25"C 


- 


0.6 


1.0 


//A 


Ta = 0~70°C 


- 


- 


30 



* : In standby mode with CEi^Vdd-0.2V, these specification limits are guaranteed under the condition of CE2^Vdd-0. 2V or 
CE 2 ^0.2V. 



CAPACITANCE (Ta = 25C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


PF 


COUT 


Output Capacitance 


Vout=GND 


10 


PF 



Note : This parameter periodically sampled is not 100% tested. 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-1 OL, TC5565AFL-1 2L, TC5565AFL-1 5L 

.....„_ rCHARACTERICTCS '"'"',! (Ta=0~70'C, Vdd=5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5565APL-10L 
TC5565AFL-10L 


TC5565APL-12L 
TC5565AFL-12L 


TC5565APL-15L 
TC5565AFL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


Ucc 


Address Access Time 


- 


100 


- 


120 


- 


150 


tcoi 


CE1 Access Time 


- 


100 


- 


120 


- 


150 


tC02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


tCOE 


Chip Enable (CET. CE2) to 
Output in Low-Z 


10 


- 


10 


- 


15 


- 


tOEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tOD 


Chip Enable (CET, CE2) to Output in High-Z 


- 


35 


- 


40 


- 


50 


tODO 


Output Enable to Output in High-Z 


- 


35 


- 


40 


- 


50 


tOH 


Output Data Hold Time 


20 


- 


20 


— 


20 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC5565APL-10L 
TC5565AFL-10L 


TC5565APL-12L 
TC5565AFL-12L 


TC5565APL-15L 
TC5565AFL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tWP 


Write Pulse Width 


60 


- 


70 


- 


90 


- 


tew 


Chip Selection to End of Write 


80 


- 


85 


- 


100 


- 


tAS 


Address Set up Time 





- 





- 





- 


tWR 


Write Recovery Time 





- 





- 





- 


tODW 


R/W to Output in High-Z 


- 


35 


- 


40 


- 


50 


tOEW 


R/W to Output in Low-Z 


5 


- 


5 


- 


10 


- 


tDS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 





- 



A. C. TEST CONDITIONS 



Output Load 




100pF+1 TTL Gate 


Input Pulse Level 




0.6V. 2.4V 


Timing Measurement 


VlN 


0.8V. 2.2V 


Reference Level 


VOUT 


0.8V, 2.2V 


tr, tf 




5ns 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-1 OL, TC5565AFL-1 2L, TC5565AFL-1 5L 



TIMING WAVEFORMS 

• READ CYCLE (1) 



tRC 





VIH 
VlL 

VlH 
VlL 

VlH 

VlH 
VlL 

vol 


o 










ADDRESSES 


;Vi L 


K 




_, ^ACC 






t OH 


















CE 2 


=%» 


tcoz 




\ 


m\\\\m\\w 








■tcoi 


tQD 






















CE X 


=« 


^ 


M///////////////M. 








t 0E 








t 0D 






OE 


=• 


^ 


^ 


/{//////////////////;//////, 








tOEE 








tQDO 








t COE 


mI 






w 






output data valid 

It ; 


\ 


D OUT 






X 





tcnw 


/ 






*-i 


UNKNOWN 

















WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



R/W 



CE 2 



CEj 



D OUT 



'IN 



'IH 

r IL 



VlH 
V IL 



X 



'IL 



'IH 



7V 
(2) 



t WC 



X 




twp 



/ 



c cw 



■tew 



t ODW 



t WR 



tQEW 



DATA IN 5 lX 

STABLE ^ 



t DH 



(3) 



V 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 

• WRITE CYCLE 2 (4) (CEi Controlled Write) 



ADDRESSES 



R/W 



CE 2 



CEi 




• WRITE CYCLE 3 (4) (CE2 Controlled Write) 



twc 



ADDRESSES IH V 

vtt. — r* 


: t 




■ % ks 


t WP 


tWRl 










r ' • :' 






- :™=\\\\\\w 


l\\\\\m 


'///////////////////////A 










CE 2 VlH — 

Vtt,— ; 


t//Mi_ 


t CW 


s f 




I tew 




■* ;-=\\\\\\w 


m^t 


1 
i 


■W///////////////M 




tCOE 


tODW 




n 




A 








ft 


tDS 






t DHl 








D VlH ~ 

Vtt, — 






> 


' DATA IN W 
- STABLE ji\ 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 



Note : 
1 . R/W is High forjtead Cycle. 

2. Assuming that CEi Low transition of CE2 High transition occurs coincident with or after R/W Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occure coincident with or prior to R/W High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA RETENTION CHARACTERISTICS (Ta=0~70*C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Stand by Supply Current 


Vdd=3.0V 


- 


- 


15 


//A 


Vdd = 5.5V 


- 


- 


30 


tCOR 


Chip Deselection to Data Retention Mode 





- 


- 


jiS 


tR 


Recovery Time 


tRC* 


- 


- 


ns 



* : Read cycle time. 

t 

• CE1 Controlled Data Retention Mode (1 



v D d 




DATA RETENTION MODE 



V DD -0.2V 



(2) 



CE2 Controlled Data Retention Mode (3) 



v D d 

4.5 V 





V 




DATA 


RETENTION 


MODE 




/ 


^R 






CE 2 


tCDR 


\ 


I 






/ 


1 




\ 








0.2V 










/ 




\\\\\\\ 




/ 


//// 


f) 





OND 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-1 OL, TC5565AFL-1 2L, TC5565AFL-1 5L 

Note : 

1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 
0.2V or CE2JSVDD- 0.2V. 

2 . If the Vih of CEi is 2 . 2V in operation , Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

■3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 
0.2V. 



DEVICE INFORMATION 

The TC5565APL/AFL is an asynchronous RAM 
using address activated circuit technology, thus the 
internal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
1/iF decoupling capacitor for every device is 
recommended to eliminate such noise. 

© DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



ADDRESSES 



■^DDO 
(lA) 20 



















; 






j 


























































i 






















I 






I 














1 






















, 






, 





V DD =5.5V 
V IH =«V 

v IL =azv 

Horizon lOOnS/div 




Fig. TYPICAL CURRENT WAVEFORMS 



Unit in mm 



Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 

© MFP 28 PIN OUTLINE DRAWING (F28GC-P) 

linnnnnnnnnnnnn 



uuuuuuuuuuuuuu 



la9MAX 




£ 




oi 


nnnnnnrni! i ^ HT ^ ni ^ 1 ^ 




a43±ai 




1.27 + Q05 


a 








d 



^ 



Note : Lead pitch is 1 .27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



8,192 WORD X 8 BIT CMOS STATIC RAM 



TC5564APL-1 2,TC5564APL-1 5 
TC5564AF L-1 2 f TC5564AF L-1 5 



DESCRIPTION 

TC5564APL is 65536 bits static random access 
memory organized as 8192 words by 8 bits using 
CMOS technology, and operates with a single 5V 
power supply. 

Advanced circuit techniques provides low power 
feature with a maximum operating of 5mA/MHz. 
Operation current depends on cycle time. 

TC55 64AP L has three control inputs. Two chip 
enables (CE1 , CE2) allow for device selection and 
data retention control. Output enable (OE) input 
provides fast memory access. When device is placed 
in standby mode with chip off state, standby current 



is typically 0.01 ^A. So the TC5564APL is suitable 
for use in various microprocessor application sys- 
tems where low power and battery back up are 
required. Ultra low standby power allow not only 
battery but capacitance backup. 

Pin assignment of TC5564APL is pin-compatible 
with the 64K bits EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

TC5564APL is offered in both a standard dual-in- 
line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic flat package. 



FEATURES 

• Low Power Dissipation 

5mA/MHz (MAX.) Operating 

0.2^A (MAX.)atTa = 25°C Standby 

1 .O/iA (MAX.) atTa = 60°C Standby 

• 5V Single Power Supply 

o Low Voltage Operation : Vdd = 3V 
Tco=Vs (MAX.)Ta = 60°C 

• Fully Static Operation 

• Data Retention Voltage : 2.0-5.5V 
a Plastic DIP and Plastic FP Package 

• Pin Compatible with 2764 type EPROM 



• Access Time 



^-^-^^ 


TC5564APL-12 
TC5564AFL-12 


TC5564APL-15 
TC5564AFL-15 


Address Access Time 
(MAX.) 


120ns 


150ns 


CE1 Access Time 
(MAX.) 


120ns 


150ns 


CE2 Access Time 
(MAX.) 


120ns 


150ns 


Output Enable Time 
(MAX.) 


60ns 


70ns 



• Directly TTL Compatible : All Inputs and Outputs 

• Wide Temperature Operation : — 40~85°C 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



TC5564APL 



N.C.C 1 

A12 C 2 

A7C 3 

A6C * 

A5C 5 

A4C 6 

A3C 7 

A2 C 8 

Al£ 9 

AOC 10 

I/OIC 11 

VOZC 12 

I/03C 13 

QNDC 14 



28 3 V DD 
27 JR/W 
26 3 CE2 
25 3 AS 
24 3A9 
23 3 All 
22 3 0E 
21 3A10 

203°Ei 

19 3 1/08 
18 3 1/07 
17 3 1/06 
16 3 1/05 
15 3 3./04 



64k bit EPROM 
TMM2764D 



V PPC1 
A12C 2 
A7C 3 
A6C * 
A5C 5 
A4C 6 
A3C V 
A2C 8 
A1C 9 
AOC 10 
00 c 11 
01C 12 
02C 13 
QHDC 14 



16 



3 V DD 
3 POM 
3N.C. 
3A8 
3A9 
3 All 
36T 
3AIO 
3CE 
3 07 
306 
305 
304 
15 303 
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TG5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 



PIN NAMES 



OPERATING MODE 



Ao A 12 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CET, CE2 


Chip Enable Inputs 


1/01-1/08 


Data Input/Output 


Vdo 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 



Operation 
Mode 


CE1 


CE2 


OE 


R/W 


1/01- 
I/08 


Power 


Read 


L 


H 


L 


H 


Dout 


Iddo 


Write 


L 


H 


* 


L 


Din 


Output Deselect 


* 


* 


H 


* 


High-Z 


Standby 


H 
* 


* 

L 


* 
* 


* 
* 




Idds 
■ Idds 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


*Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-0.3**~Vdd 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vdd+0.5 


V 


Pd 


Power Dissipation 


1.0(0.6)*** 


W 


Tsolder 


Soldering Temperature 


260-10 


°C-sec 


Tstg 


Storage Temperature 


-55-150 


•c 


Topr 


Operating Temperature 


-40-85 


°C 



* 8.5V at 100ns 

* * -3.0V Pulse width 50ns 

* * * SOP 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta = -40-85C) 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



* -3.0V Pulse width 50ns 



D. C and OPERATING CHARACTERISTICS 



(Ta = -40~85°C, Vdd = 5V±10% Unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


llN 


Input Leakage Current 


Vin = 0~Vdd 


- 


- 


±1.0 


AA 


IOH 


Output High Current 


Voh = 2.4V 


-1.0 


- 


- 


mA 


IOL 


Output Low Current 


V 0L =0.4V 


4.0 


- 


- 


mA 


VOH 


Output High Voltage 


Ioh=-20/*A 


Vdd-0.1 


- 


- 


V 


Vol 


Output Low Voltage 


Iol=20^A 


- 


- 


0.1 


V 


Ilo 


Output Leakage Current 


CET=ViHorCE2=Vi L or 

R/W=Vil 

orOE=ViH, Vout=0-Vdd 


- 


- 


±1.0 


„A 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TG5564AFL-15 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX ! UNIT 


Iddoi 


Operating Current 


CET=V IL and CE2 = 
Vih Other lnput = 
Vih/Vil 
louT=OmA 


tcycle— 1/*S 


- 


-. 


10 


mA 


>- 

z 
5 


TC5564APL-12 
TC5564AFL-12 


- 


- 


45 


TC5564APL-15 
TC5564AFL-15 


- 


- 


40 


IDD02 


Operating Current 


CET=0.2Vand 
CE2=Vdd-0.2V, 
Other Input 
=Vdd-0.2V/0.2V 
louT=OmA 


tcycle= 1//S 


- 


- 


5 


mA 


>- 
o 

5 


TC5564APL-12 
TC5564AFL-12 


- 


- 


40 


TC5564APL-15 
TC5564AFL-15 


- 


- 


35 


Iddsi 


Standby Current 


CET=Vih orCE2 = Vi L 


- 


- 


2 


mA 


IDDS2 


Standby Current 


CEi=V D D-0.2Vor 


Ta = 25°C 


- 


0.01 


0.2 


M A 


Vdd = 2.0~5.5V 






Ta = 60-C 


- 


- 


1.0 



Note: (1) In standby mode with CE1 ^Vdd-0.2V, these specification limits are guaranteed under the 
condition of CE2^Vdd-0.2V or CE2^0.2V. 
(2) All voltage is measured from GND. 



CAPACITANCE (Ta = 25'C. f=1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


PF 


CoUT 


Output Capacitance 


Vout=GND 


10 


PF 



Note This parameter is periodically sampled and is not 100% tested. 
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TC5564APL-12, TC5564APL-15 
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A. C. CHARACTERISTICS 

READ CYCLE 



SYMBOL 


PARAMETER 


TC5564APL-12 
TC5564AFL-12 


TC5564APL-15 
TC5564AFL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


120 


- 


150 


tC01 


CE1 Access Time 


- 


120 


- 


150 


tC02 


CE2 Access Time 


- 


120 


- 


150 


tOE 


Output Enable to Output in Valid 


- 


60 


- 


70 


tCOE 


Chip Enable to (CET, CE2) 
Output in Low-Z 


10 


- 


10 


- 


tOEE 


Output Enable to Output Low-Z 


5 


- 


5 


- 


tOD 


Chip Enable (CET, CE2) Output in High-Z 


- 


60 


- 


70 


tODO 


Output Enable to 
Output High-Z 


- 


50 


- 


60 


tOH 


Output Data Hold Time 


20 


- 


20 


- 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC5564APL-12 
TC5564AFL-12 


TC5564APL-15 
TC5564AFL-15 


UNIT 


'MIN 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


120 


- 


150 


- 


ns 


tWP 


Write Pulse Width 


80 


- 


100 


- 


tew 


Chip Selection to End of Write 


100 


- 


120 


- 


tAS 


Address Set up Time 





- 





- 


tWR 


Write Recovery Time 





- 





- 


tODW 


R/W to Output High-Z 


- 


60 


- 


70 


tOEW 


R/W to Output Low-Z 


10 


- 


10 


- 


tDS 


Data Set Up Time 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 



A.C. TEST CONDITIONS 

© Input Pulse Levels 

• Timing Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Times 

• Output Load 



2.4V/0.6V 
2.2V/0.8V 
2.2V/0.8V 
5ns 
See Fig. 1 



I/OPinO 




Fig.l Output Lood 



Rl : 2.4 kXl 
R2:810H 
C :100pF 

(Include Jig) 
D :l'S1588 

(or Equivalent) 
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TG5564APL-12, TC5564APL-15 
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3V OPERATE SPECIFICATION 
D. C RECOMMENDED OPERATING CONDITIONS (Ta=-10-60CI 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


VlH 


Input High Voltage 


Vdd-0.2 


- 


Vdd 


V 


VlL 


Input Low Voltage 





- 


0.2 


V 



D. C and OPERATING CHARACTERISTICS 



(Ta = -10~60-C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


I IN 


Input Leakage Current 


Vin=0~Vdd 


- 


- 


±1.0 


M A 


Ilo 


Output Leakage Current 


CET=ViHorCE2=Vi L or 
R/W=Vi L or OE=Vm 
Vout^O—Vdd 


- 


- 


±1.0 


*A 


lOH 


Output High Current 


Voh=Vdd-0.2V * 


-100 


- 


- 


M A 


lOL 


Output Low Current 


Vol=0.2V 


100 


- 


- 


^A 


VOH 


Output High Voltage 


Ioh=-20juA 


Vdd-0.1 


- 


- 


V 


Vol 


Output Low Voltage 


Iol = 20^A 


- 


- 


0.1 


V 


Iddo* 


operating Current 


CET =Vnand CE2 = Vm 
Other input = 
Vdd-0.2V/0.2V 
louT=OmA, duty 100% 


tcycle— 1//S 


- 


2.0 


3.0 


mA 


tcycle= 10^S 


- 


- 


0.5 


Idds 


Standby Current Current 


CET=Vi L and CE2=Vih 
orCE2=Vn 


Ta = 25"C 


- 


0.01 


0.2 


^A 


Ta = 60"C 


- 


- 


1.0 



• All voltage is measured from BND 

* Iddo is nlightly depending on input pulse tr, tf. If long t r , tf pulse is applied, there are some transient current at input stage. These 
specification is garanteed with tr, tt^20ns 



— B-85 - 



TC5564APL-12, TC5564APL-15 
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3V OPERATE SPECIFICATION 
A. C. CHARACTERISTICS 

READ CYCLE 



(Ta=-10~60°C, Vdd3V±10%) 



SYMBOL 


PARAMETER 


MIN. 


TYP.* 


MAX. 


UNIT 


tRC 


Read Cycle Time 


1000 


- 


- 


ns 


tACC 


Address Access Time 


- 


300 


1000 


tcoi 


CE1 Access Time 


- 


300 


1000 


tC02 


CE2 Access Time 


- 


300 


1000 


tOE 


Output Enable to Output Valid 


- 


100 


200 


tOH 


Output Data Hold Time 


20 


- 


- 


tCOE 


Chip Enable to Output in Low Z 


10 


- 


- 


tOEE 


Output Enable to Output in Low Z 


5 


- 


- 


tOD 


Chip Enable to Output in High Z 


- 


- 


200 


tODO 


Output Enable to Output in High Z 


- 


- 


150 



WRITE CYCLE 



SYMBOL 


, PARAMETER 


MIN. 


TYP.' 


MAX. 


UNIT 


twc 


Write Cycle Time 


1000 


- 


- 


ns 


tWP 


Write Pulse Width 


500 


- 


- 


tew 


Chip Selection to End of Write 


800 


- 


- 


• tAS 


Address Set Up Time 


100 


- 


- 


tWR 


Write Recovery Time 


100 


- 


- 


tDS 


Data Set Up Time 


400 


- 


- 


tDH 


Data Hold Time 


50 


- 


- 


tODW 


R/Wto Output High Z 


- 


- 


. 200 


tOEW 


RAA/ to Output Low Z 


10 


- 


- 


* Typ. con 


dition is Ta = 25°C, Vdd = 3V 











A. C. TEST CONDITIONS 

© ViN = V D rj-0.2V/0.2V 

• Output Reference Level : 1 .5V/1 .5V 

• Timing Measurement Level : 1 .5V/1 .5V 

• Input Rise and Fall Time : ^20ns 

• Output Load : 100pF (Include Jig) 
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TIMING WAVEFORMS 

READ CYCLE (1) 



ADDRESSES 



CE2 



tRC 



X 



tACG 



MM'- 



GET 



OE 



D OUT 



^St 



t C02 



t C01 



tOE 



; COE 



: COE 



TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 



X 



tQH 



^ 



; OD 



WUMUMi 



t 0D 



11 



tQDO 



OUTPUT DATA VALID 



WRITE CYCLE (R/E Controlled Write) 







two 






ADDRESSES X 


- 


X 




t AS 




t WR 




b^ XWWWWWl 


l WP > 


r 




wwwwwi 


-/ 










-» 


mii/i/M— 


t cw \ 


\wmmmmm 








« M\\\\\\\\\\\\\\_ - 


-I 


m////////////////////m 


tODW 


\ 


^OEW 


- mmmm 


- fflfflffl 


^:fflffiffi 


tDS 


^Wstm 




r -DH 


Din 




Y DATA IN STABI 


'* 
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TC5564APL-12, TC5564APL-15 
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WRITE CYCLE 2 (4) (CE1 Controlled Write) 



ADDRESSES 



R/lV 



X 



twc 



tAS 



CE2 



M7MM IW. 



mm-^^T i, 



m 



tCOE 



tQW 



» 



; IN 



; DS 



/ 



C WR 



X 



Y DATA IN STABLE Y 



^DH 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES 



R/W 



X 



CE2 



CE1 



D OUT 



din 



twe 



■tAS 



* 



ilp^l///////////////// 



tcOE 



tew 



A 



tew 



tQDW 



tDS 



C WR 



X 



Y DATA IN STABLE V 



'i 



- /////////////////////////, 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 



Note : (1) R/Wis High for Read Cycle. (2) Assuming thatCEl Low transition or CE2 High transition occu rs coincident with 
or after R/W low transition. Outputs remain in a high impedance state. (3) Assuming that CE1 High transition or 
CE2 Low transition occurs_coincident with or prior to R/W High transition, outputs remain in a high impedance 
state. (4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA RETENTION CHARACTERISTICS (Ta=-40~85C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Standby Current 


Ta = 25 c C 


- 


0.01 


0.2 


„A 


Ta = 60'C 


- 


- 


1.0 


tcon 


Chip Deselection to Data Retention Mode 





- 


- 


pS 


tR 


Recovery Time 


tRCd) 


- 


- 


ns 



CE1 Controlled Data Retention Mode (2) 




CE2 Controlled Data Retention Mode (4) 



V UI> 




DATA 


KKTKNT10N 


MO UK 






\ 




1 


CK2 


t-CDH 


\ / 






V 


k 02 V 




/ 


\ 






/ 




\\w\w 


///////// 





Note : (1 ) Trc : Read Cycle Time (2) In CE1 controlled data retention mode, minimum standby current mode is achieved 
under the condition of CE2^0.2V orCE2^VDD-02V. (3) If the Vih of CETis 2.2V in operation, during the period 
that the Vdd Voltage is going down from 4.5 to 2.4V, Iddsi current flows. (4) In CE2 controlled data retention 
mode, minimum standby current mode is achieved under the condition of CE2^0.2V. 



DEVICE INFORMATION 

The TC5564APL is an asynchronous RAM using 
address activated circuit technology, thus the inter- 
nal operation is synchronous. Then once row 
address change occur, the precharge operation 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 



after only row address change, as is shown in the 
following figure. 

This peak current may induce the noise on Vdd/ 
GND line. Thus the use of about 0. 1/*F decoupling 
capacitor every device is recommended to eliminate 
such noise. 























































ADDRESS 




) 










;; 










DDO < mA ) 
















































































I 
























R 










\ 















V 








> 














1 



















V DD =5.SV 
V IH=5.3V 
V lL =0.2V 
HORIZON 200ns/di 



Fig. TYPICAL CURRENT WAVEFORMS 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



Unit in mm 



28 


15 




) 




X 

< 
s 

H 

1 




0~15° 



Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center or each lead that is obtained on the basis of 
No.1 and No. 28 leads. 



MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

28 



Unit in mm 



15 



nnnnnnnnnnn 




uuuuuuuuuuuuuu 

1 14 



1 8.9 MAX 



-H 

J H 



0.4 3± 0.1 



1.27 ±0.05 



11.8 ±0.3 



;: u s \ . 



1.5 ±0.4 



Note : Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis of 
No.1 and No. 28 leads. 



Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right at any time 

without notice, to change said circuitry. 
©May, 1986 Toshiba Corporation 
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32,768 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 



DESCRIPTION 



The TC55257P is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating 
current of 5mA /MHz (Typ . ) and minimum cycle time of 85ns. 

When CE is a logical high, the device is placed in low power standby mode in 
which standby current is 2uA typically. The TC55257P has two control inputs. Chip 
enable (CE) allow for device selection and data retention control, and an output 
enable input (OE) provides fast memory access. Thus the TC55257P is suitable for use 
in various microprocessor application systems where high speed, low power, and battery 
back up are required. 

The TC55257P is offered in a dual-in-line 28 pin standard plastic package. 



i FEATURES | 






• Low Power 


Dissipation 


27.5nW/:iHz(Ma:c.) Operating 


• Standby Current 


100uA(Max.): TC55257PL- 85 / 




PL-10/ 




PL-12 


laA(Max.): TC55257P-10/ 




P- 12 


• 5V Single 


Power Supply 


• Power Down Fe 


ature: CE' 
(TOP VIEW) 


|PIfl CONNECTION | 


Al-iC 


l 


28 


1 V DD 


Al2[ 


a 


27 


]B/~ti 


A7[ 


3 


26 


IA13 


Adt 


4 


25 


1A8 


A5 [ 


5 


24 


lAO 


Alt 


6 • 


23 


J All 


A3[ 


7 


22 


I5E 


A2C 


3 


21 


JAIO 


Ait 


9 


20 


}CZ 


AC I 


10 


19 


]l/08 


I/O it 


11 


18 


] 1/07 


I/O 2 t 


12 


17 


] 1/06 


1/03 t 


13 


lfi 


] J/05 


(3ND[ 


14 


15 


] 1/0 4 


PIN 


MMES 







Data Retention Supply Voltage: 2. 
Access Time 


0-V5.5V 




^--^___ 


TC55257PL-85 


TC55257P-10 
TC55257PL-10 


TC55257P- 12 
TC55257PL 12 


Access Tine (Max . ) 


SSns 


100ns 


120ns 


CE Access Tine (Nax . ) 


85ns 


100ns 


120ns 


Output Enable Tiae(Max.) 


40ns 


50ns 


60ns 



Directly TTL Compatible: All Inputs and Outputs 
Standard 28 pin DIP 



■° V DD 
OQND 



Aq ^ A14 


Address Inputs 


P/W 


Read/Write Control Input 


OE" 


Output Enable Input 


CE 


Chip Enable Input 


I/OlM/Qa 


Data Input/Output 


V DD 


Power (+5V) 


GND 


Ground 
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1 OPERATION MODEl 












OPERATION MODE 


CE 


OE 


R/W 


i/o^i/oa 


POWER 


Read 


L 


L 


H 


D OUT 


I DDO 


Write 


L 


* 


L 


Din 


IDDO 


Output Deselect 


L 


H 


H 


High-Z 


iddo 


Standby 


H 


* 


* 


High-Z 


*dds 



*) H or L 



1 MAXIMUM RATINGS! 






SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3W.0 


V 


VlN 


Input Voltage 


-0.3*^7.0 


V 


V l/0 


Input and Output Voltage 


-0.5^V DD 40.5 


V 


P D 


Power Dissipation 


1.0 


W 


^solder 


Soldering Temperature 


260 • 10 


"Csec 


T strg 


Storage Temperature 


-55 * 150 


°C 


"opr 


Operating Temperature 


0-W0 


°c 



* -3.0V at pulse width 50ns 



ID.C. RECOMMENDED OPERATING CONDITIONSl 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V D D+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 
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D.C. and OPERATING CHARACTERISTICS 


(Ta=0^ 70°C, V DD =5V±10%) 










SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0^ V DD 


- 


- 


±1.0 


UA 


: OH 


Output High Current 


V OH =2.4V 


-1.0 


- 


- 


nA 


lOL 


Output Low Current 


V OL =0.4V 


4.0 


- 


- 


mA 


*LO 


Output Leakage Current 


CE=V IH or R/W»V IL or OE=»V IH 
V OUT =0 ^ V DD 


- 


- 


±1.0 


Uk 


I DD01 


Operating Current 
(Read Cycle)* 


V DD =5.5V 
CT=V IL ,R/W=V IH 
Other Input 
-Vih/Vil 
I OUT =0mA 


c cycle 3 lus 


- 


- 


10 


mA 


c cycle 3 
Min. cycle 


- 


- 


70 


X DD02 


V DD =5.5V 

CE-0.2V, 

R/W=V DD -0.2V 

Other Input 

=V DD -0.2V/0.2V 

IOUT=0mA 


^cycle** 1 ^ 


- 


- 


•5 


mA 


•-cycle 3 
Min. cycle 


- 


- 


60 


X DDS1 


Standby Current 


CE=V IH - 


- 


- 


3 


mA 


r DDS2 


Standby Current 


CE=V DD -0.2V 
V DD »2.0^5.5V 


TC55257PL 


- 


2 


100 


U A 


TC55257P 


- 


- 


1.0 


mA 



* Assuming that R/W is Low for Write Cycle, the current consumption is twice as much 
as that when R/W is High for Write Cycle. 



I CAPACITANCE 


(Ta=25°C, f=lMHz) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


10 


pF 


COUT 


Output Capacitance 


V 0UT =GND 


10 


pF 



Note: This parameter periodically sampled is not 100% tested. 



— B-93 — 



TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 



fl.C. CHARACTERISTICS! <Ta»0^.70°C, V DD =5V±10X) 
Read Cycle 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC55257PL-05 


TC55257P-10 
/PL-10 


TC55257P-12 
/PL-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Tine 


V IN =2.4V/0.6V 

V IH =2.2V 

V IL =«0.8V 

t r , t f <5ns 

V OH =2.2V 

V 0L =0.8V 

Output Load: 
C L (100pF) and 

1 TTL Gate 


85 


- 


100 


-. 


120 


- 


ns 


C ACC 


Address Access Time 


- 


85 


- 


100 


- 


120 


c CO 


CE Access Time 


- 


85 


- 


100 


- 


120 


*OE 


Output Enable to Output 
in Valid 


- 


40 


- 


50 


- 


60 


c COE 


Chip Enable(CE)to Output 
in Low-Z 


10 


- 


10 


- 


10 


- 


c OEE 


Output Enable to Output 
in Low-Z 


5 


- 


5 


- 


5 


- 


c OD 


Chip Enable(CE)to Output 
in High-Z 


- 


30 


- 


50 


- 


60 


C ODO 


Output Enable to Output 
in High-Z 


- 


30 


- 


40 


- 


50 


c OH 


Output Data Hold Time 


5 


- 


10 


- 


10 


- 



Write 


:ycle_ 


















SYMBOL 


PARAMETER 


TEST CONDITION 


TC55257PL-85 


TC55257P-10 
/PL-10 


TC55257P-1I 
/PL-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C UC 


Write Cycle Time 


V IN =2.4V/0.6V 
V IH -2.2V 
V IL -0.8V 
t r , t f <5ns 


85 


- 


100 


- 


120 


- 


ns 


C WP 


Write Pulse Width 


60 


- 


70 


- 


80 


- 


C CW 


Chip Selection to End of 
Write 


65 


- 


90 


- 


100 


- 


CAS 


Address Set up Time 





- 





- 





- 


C WR 


Write Recovery Time 


10 


- 


10 


- 


10 


- 


C 0DW 


R/W to Output High-Z 


- 


30 


- 


50 


- 


60 


c 0EW 


R/W to Output Low-Z 


10 


- 


10 


- 


10 


- 


C DS 


Data Set up Time 


40 


- 


40 


- 


50 


- 


C DH 


Data Hold Time 





- 





- 





- 



Note: Input pulse levels^Vjjj 

Timing Measurement Reference levels=Vijj, Vjl 
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TIMING WAVEFORMS 
READ CYCLE (1 > 



TC55257PL-85, TC55257P-10/PL-10 
TC55257P-12/PL-12 



ADDRESSES 



CT2 



VTT . - _Aiii 



?-.: fl»-^ 



J OUT Vr 



X 



mrnw/ 



rrm 



t OD 




whl 



UNKNOWN 



WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



VlH— ~\ C 

VlL - ^ 



r wc 



K 



'IL 



^^m 



- ::r: \\\\\\\\\\\\\\\\\^ 



r WP 



*cw 



^ocw 



Dqux 



D IN V IH — 



W™ 1 



t'ffR 



'////////////. 



tQEW 



(3) 



V DATA IN STABLE Y 



: DH 
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TC55257PL-85, TC55257P-10/PM0 
TC55257P-12/PL-12 



WRITE CYCLE 2 (4) (CE Controlled Write) 



ADDRS332S 



R/W 



D OUT 



:ZX 



'IH — 



f lh 



'IH 



r IL 



VlH — 



r IL — 



-TC 



C WP 



11 



m; 



t COE| 



*CTT 



X 



r DS 



K 



*WR 



DATA IN STABLE 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CT low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257PL-85, TC55257M0/PL-10 
TC55257P-12/PL-12 



DATA RETENTION CHARACTERISTICS! (Ta 


=0^70°C) 














SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


r DDS2 


Standby Supply Current 


TC55257PL 


V DD=3 


OV 


- 


- 


50 


UA 


V DD =5 


5V 


- 


- 


100 


TC55257P 


- 


- 


1.0 


rnA 


C CDR 


Chip Deselection to Data Retention !• 


ode 







- 


- 


u s 


tR 


Recovery Time 


C RC(1) 


- 


- 



Note (1) : Read cycle time 



CE Controlled Data Retention Mode 









DATA RETENTION MODS 


/ 












(lj\. 


- 


{ (2) 


ll 


(2) \ 






r CDR 


\\ If— 


C R 


L 


/ 


A / 


\ 


/ 


7 DD -0.2V 


\ 













QND 



Note (2): If the Vjh of CE is 2.4V in operation, IqdSI current flows during the 
period that the Vdd voltage is going down from 4.5V to 2.4V. 
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TC55257PL-85, TC55257M0/PL-10 
TC55257P-12/PL-12 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



Unit in mm 



28 


15 




) 




X 

< 
s 



14 




15.24±0.25 



£ 



r +o.i 

0.25-0.05 



4i 



0~15° 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 
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32,768 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 
PRELIMINARY 



TC55257 AM O/APL-1 0/AP-1 2/APL-1 2 
TC55257 AH O/AFL-1 0/AF-1 2/AFL-1 2 



DESCRIPTION 



The TC55257AP is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced circuit 
techniques provide both high speed and low power features with a maximum operating cur- 
rent of 5mA/MrIz and minimum cycle time of 100ns/120ns. 

When CE is a logical high, the device is placed in low power standby mode in i/hlrh 
standby current is 2uA typically, The TC55257AP has two control inputs. Chip enable (CE) 
allow for device selection and data retention control, and an output enable input (OE) 
provides fast memory access. Thus the TC55257AP is suitable for use in various microproc- 
essor application systems where high speed, low power, and battery back up are required. 

TC55257AP is offered in both a standard dual-in-line 28 pin plastic package (0.6 
inch width) and small-out-line plastic flat package. 



FEATURES 



Low Power Dissipation 

27.5mW/MHz(Max.) Operating 
Standby Current 
100uA(Max.) : TC55257APL-10/APL-12 
/AFL-10/AFL-12 
lmA(Max.): TC55257AP-10/AP-12 
/AF-10/AF-12 
5V Single Power Supply 
Power Down Feature: CE 
Data Retention Supply Voltage: 
2.0^ 5.5V 



Access Time 



— — - -_ 


TC55257AP-10/APL-10 
AF-10/AFL-10 


TC55257AP-12/APL-12 
AF-12/AFL-12 


Access Time (MAX.) 


100ns 


120ns 


CE Access Time (MAX.) 


100ns 


120ns 


Output Enable Time 

(MAX.) 


50ns 


60ns 



Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic FP Package 



BLOCK DIAGRAM 



[PIN CONNECTION! (TOP VIEW) 



A14C1 

Al2t2 
A7[3 
A6t 4 
Ao [ 5 
A4 t 6 
A3 t 7 
A2 [ 3 
Al[ 9 
A0[10 

i/oim 

1/02 [12 

1/03 [ 13 

GND[ 14 



]A13 
ko ]A8 
i JA9 
5 JA11 
JOS 
S;l JAIO 

20 ]ca 
lapi/os 

is 

17 
16 
15 



JI/0 7 
31/0 6 
11/0 5 
J I/O 4, 



I PIN NAMES | 


A0 <\, A14 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01^1/08 


Data Input/Output 


v D d 


Power (+5V) 


GND 


Ground 
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TC55257AP-1 0/APL-1 0/AP-1 2/APL-1 2 
TC55257 AF-1 0/AFL-1 0/AF-1 2/AFL-1 2 



[OPERATION MODE 





OPERATION MODE 


CE 


or 


R/W 


I/Ol % 1/08 


POWER 






Read 


L 


L 


H 


D 0UT 


T DDO 






Write 


L 


* 


L 


°IN 


T DDO 






Output Deselect 


L 


H 


II 


Uigh-Z 


x DDO 






Standby 


U 






High-Z 


: DDS 





*) H or L 



MAXIMUM RATINGSl 






SYMBOL 


ITEM 


RATING 


UNIT 


vdd 


Power Supply Voltage 


-0 . 3 % 7 . 


V 


VlN 


Input V.oltage 


-0.3*% 7.0 


V 


vr/o 


Input and Output Voltage 


-0.5% V DD +0 . 5 


V 


PD 


Power Dissipation 


1.0 


W 


Tsolder 


Soldering Temperature 


260 . 10 


°C . sec 


T strg 


Storage Temperature 


-55% 150 


°C 


Topr 


Operating Temperature 


0%70 


°C 



-3.0V at pulse width 50ns 



ID.C. RECOMMENDED OPERATING CONDITIONS] 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+O-3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v D h 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 
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TC55257 AM O/APL-1 0/AM 2/APL-l 2 
TC55257 AF-1 0/AFL-1 0/AF-1 2/AFL-1 2 



ID.C. and OPERATING CHARACTERISTICS] (Ta=0^70°C, V DD =5VtlO%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0%V DD 


- 


- 


il.O 


MA 


T OII 


Output High Current 


V OH =2.4V 


-1.0 


- 


- 


mA 


T OL 


Output Low Current 


V OL =0.4V 


4.0 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or R/W=V IL or OE=V 1H 

v OUT =o % v DD 


- 


- 


±1.0 


uA 


I DD01 


Operating Current 
(Read Cycle) * 


V DD =5.5V 
CE=V IL ,R/W=V IH 
Other Input 

=v [H /v EL 

I OUT =0mA 


tcycle-l-iis 


- 


- . 


10 




t cycle = 
Min. cycle 


- 


- 


45 


mA 


r DD02 


V DD =5.5V 

CE=0.2V, 

R/W-V DD -0.2V 

Other Input 

=V DD -0.2V/0.2V 

IouT = 0mA 


t eycle = -'-t- :S 


- 


- 


5 


mA 


tcycle = 
Min. cycle 


- 


- 


40 


l DDSl 


Standby Current 


CE=V IH 


- 


- 


3 


mA 


I DDS2 


Standby Current 


CE=V DD -0 2V 
V DD =2.0'v5.5V 


TC55257APL/ 
AFL 


- 


2 


100 


yA 


TC55257AP/AF 


- 


- 


1.0 


mA 



" Assuming that R/W is Low for 
as that when R/W is High for 



Write Cycle, the current consumption is twice as much 
Write Cycle 



jCAPACITANCEl (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER, 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


10 


pF 


C 0UT 


Output Capacitance 


V 0UT =GND 


10 


pF 



Note: This parameter periodically sampled is not 100% tested, 
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TC55257AP-1 0/APL-1 0/AP-1 2/APL-1 2 
TC55257AF-1 0/AFL-1 0/AF-1 2/AFL-1 2 

|A.C. CHARACTERISTICS] (Ta=0'v.70' , C, V DD =5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TEST CONDITION 


•jt ^kovap-io/^flt 10 

AK-IO/'AI'L-IO 


'JC55257AP-12/APL-12 


UNIT 


MIN. 


MAX. 


MIN . 


MAX. 


tRC 


Read Cycle Time 


V IN =2.4V/0.6V 

V IH =2.2V 

V IL =0.8V 

t r , tf ^ 5ns 

V OH =2.2V 

V 0L =0.8V 

Output Load: 
C L (100pF) and 
1 TTL Gate 


100 


- 


120 


- 


ns 


tACC 


Address Access Time 


- 


100 


- 


120 


t CO 


CE Access Time 


- 


100 


- 


120 


tOE 


Output Enable to Output 
in Valid 


- 


50 


- 


60 


tCOE 


Chip Enable (CE) to Output 
in Lou-Z 


10 


- 


10 


- 


c OEE 


Output Enable to Output in 
Low-Z 


5 


- 


5 


- 


c OD 


Chip Enable (CE) to Output 
in High-Z 


- 


50 


- 


60 


tODO 


Output Enable to Output in 
High-Z 


- 


40 


- 


50 


tOH 


Output Data Hold Time 


10 


- 


10 


- 



Write Cycle 



SYMBOL 


PARAMETER 


TEST CONDITION 


1C55257AP-1 0/APL-10 
AF-10/AFL-10 


TC55257AP-12/APL-12 
A?-12/AFL-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


V IN =2.4V/0.6V 
V IH =2.2V 
V IL =0.8V 
t r , tf < 5ns 


100 


- 


120 


- 


ns 


C WP 


Write Pulse Width 


70 


- 


80 


- 


C CW 


Chip Selection to End of 
Write 


90 


- 


100 


- 


C AS 


Address Set up Time 





- 







t m. 


Write Recovery Time 


10 


- 


10 


- 


t ODW 


R/W to Output High-Z 


- 


50 


- 


60 


tOEW 


R/W to Output Low-Z 


10 


- 


10 


- 


C DS 


Data Set up Time 


40 


- 


50 


- 


tDH 


Data Hold Time 





- 





- 



Note: Input pulse levels=VxN 

Timing Measurement Reference Levels=ViH, Vjl 
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TC55257 AM O/APL-1 0/AP-1 2/APL-l 2 
TC55257 AF-1 O/AFL-1 O/AF-1 2/AFL-1 2 



TIMING WAVEFORMS 
READ CYCLE ^ 



ADDRES 



°*° v IL Kjlll 



t Ac:o 



LH 



V.IL— 1 



UE 



VlH — 



Win 



;;:: » 



Vqh— _ 

V,-,r 



1 ue 



X 



s OD 



l ODO 



OUTPUT DATA VALID 



UNKNOWN 



Z 



WRITE CYCLE 1 ( 4 ) (R/W Controlled Write) 



ADDRESSES 



RVW 



D OUT 



din 



V IL — -A 



VlH — " 
VlL — 



IH 



'IL 



VlH— " 
VlL" - 



t'.VC 



X 



ftfr-*-^ ' 



t GW 



- M/////////////////////M 



^ODW 



''DS 



l WR 



tQEW 



(3) 



V DATA IN STABLE V 



°DH 
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TC55257 AP-1 0/APL-1 0/AP-1 2/APL-1 2 
TC55257 AF-1 0/AFL-1 0/AF-1 2/AFL-1 2 



WRITE CYCLE 2 ( 4 ) (CE Controlled Write) 



ADDRESSES V IH 
VlL 



R/W 



CE 



D OUT 



din 



Vih— V^ 

VIL_\\ 



Vffl — 
VlL — 



VlH— ' 
VlL — 



:ZX 



t\vc 



*AS 



&t 



» 



twp 



W///////////////////M 



tew 



• *COE 



tQDW 



J yf 



f 



*DS ! 



*WR 



X 



X 



*DH 



DATA IN STABLE 



K 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE" low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257 AP-1 0/APL-1 0/AP-1 2/APL-1 2 
TC55257 AF-1 0/AFL-1 0/AF-1 2/AFL-1 2 



IDATA RETENTION CHARACTERISTICS! (Ta=0 •>. 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


r DDS2 


Standby Supply Current 


TC55257APL 
/AFL 


V DD =3.0V 


- 


- 


50 


MA 


V DD =5.5V 


- 


- 


100 


TC55257AP/AF 


- 


- 


1.0 


mA 


t CDR 


Chip Deselection to Data Retention Mode 





- 


- 


ys 


C R 


Recovery Time 


fc RC(l) 


- 


- 



Note (1) : Read Cycle Time 



CE Controlled Data Retention Mode 



4.5 V 



VlH 




DATA RETENTION MODE 



v DD~C.aV 




Note (2): If the Vjh of CE is 2.4V in operation, IrjDSl current flows during the 
period that the Vtjd voltage is going down from 4.5V to 2.4V. 
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TC55257 AM 0/APL-1 0/AP-1 2/APL-1 2 
TC55257 AF-1 0/AFL-1 0/AF-1 2/AFL-1 2 



DIP 28 PIN OUTLINE DRAWING (6D28A-P; 



Unit in mm 



28 



15 



i— i r-i r-i r-i n r— ir— ir-ii—ii— ir-ii— 11— ir— 1 

) 


X 

< 

s 


l.J U U U U U L.l L_l l_J I. J l_l l_l L_I l_J 


' 




0.5 ± 0.1 5 



1.4 ± 0.1 5 



1 5.2 4 ±0.2 5 



I 



+ 0.1 



2.5 4 ±0.2 5 _ | | 0.2 5 - OX) 5 



0~ 15 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each 
lead that is obtained on the basis of No.l and No. 28 leads. 



MFP 28 PIN OUTLINE DRAWINGS (F28GA-P: 



Unit in mm 



28 



15 



nnnnnnnnnnnnnn 




) 


X* 
q 



uuuuuuuuuuuuuu 



14 



18.9MAX 



0.43 ±0.1 



1.27 ±0.05 



o 



1 1.8 ± 0.3 



^K 3^= 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.l and No. 28 leads. 
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32,768 WORD X 8 CMOS PSEUDO STATIC RAM 

SILICON MONOLITHIC 
SILICON GATE CMOS 



TC51832P-85, TC51832P- 
TC51832P-12 



DESCRIPTION 



The TC51832P is a 256K bit high speed CMOS pseudo static RAM organized as 32,768 
words by 8 bits. The TC51832P utilized one transistor dynamic memory cell with CMOS 
peripheral circuit to provide large capacity, high speed and low power features. System 
oriented features include single power supply of 5V±10% torelance. The OE/RFS'd input 

allows two types of refresh operation auto refresh and self refresh. The TC51832P 

also features static RAM like write function that the input data is written into the 
memory cell at the rising edge of R/U, thus being easy to interface with microprocessor. 
The TC51832P is a pin-compatible with 256K bit CMOS static RAM - TC55257P and is 
moulded a standard 0.6 inch width plastic DIP. 



[FEATURES 



Organization: 32,768 word * 3 bit 
Fast Access Time and Cycle Time 



- — — — _____ 


TC51832P-85 


TC51832P-10 


TC51832P-12 


C CEA CE Access Time 


85ns 


100ns 


120ns 


c 0EA OE Access Time 


35ns 


40ns 


50ns 


CRC Cycle Time 


135ns 


160ns 


L90ns 



Single Power SuppLy: 5V±10£ 

Static RAM like Write Function 

All inputs and outputs: TTL Compatible 



PIN CONNECTION 



A14C 1 

A12C 
A7 



C 9 
A0 C 10 
V01 C 11 
V02 C 12 
V03 C 13 
GND C 14 



(TOP VIEW) 



3v DD 

3 R/W 
3 A13 
3 A8 
_ A9 

23P All 

22 



BLOCK DIAGRAM 



3 OE/RFSH 
3 A10 
3 CE 
3 1/08 
3 1/07 
31/06 
3 1/05 
31/04 



v DD gnd 

? ? 



.A14-A8 jjn ADDRESS 



COLUMN 



BUFFER (7) -, 



PIN riAMES] 


AO ^ A14 


Address Inputs 


R/W 


Read/Write Control 
Input 


0~E/RFSH 


Output Enable/Refresh 
Input 


CE 


Chip Enable Input 


1/01^1/08 


Data Input/Output 


V D D 


Power (+5V) 


GND 


Ground 



3 



ROW 
ADDRESS 
BUFFER (8) 



Low Power Dissipation 

Operating : 303mU(TC51332P-85) 
243raU(TC51832P-10) 
220mW(TC51832P-12) 

Standby : 5.5mW 

Self Refresh: 5.5mU 
Two types of Refresh Operation 
Capability 

Auto Refresh 

Self Refresh 
Pin Compatible with 256K bit CMOS 
Static RAM TC55257P 



REFRESH 
COUNTER (8) 



CE 



CLOCK 
GENERATOR 



t\ 



COLUMN 
DECODER 



SENS AMP. 
I/O GATE 



SI 



0* 






256 



■-128X8--J 



MEMORY 
ARRAY 



I — < t* 

PCQ 



£i 



lj 






QCQ 



REFRESH 
CONTROLLER 



—4 REFRESH 
TIMER 



OE/RFS 



H O 1 -m / 

L_to- 

R/W O --__/" 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


NOTES 


VlN 


Inpuc Voltage 


-1.0^7.0 


V 


1 


VOUT 


Output Voltage 


-1.0^7.0 


V 


V DD 


Power Supply Voltage 


-1.0-W.0 


V 


T OPR 


Operating Temperature 


O'WO 


°C 


TSTG 


Storage Temperature 


-55^150 


°C 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


Pd 


Power Dissipation 


600 


mW 


I OUT 


Short Circuit Output Current 


50 


mA 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0 W0°C) 



SYMBOL 


ITEM 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


V D D 


Power Supply Voltage 


4.5 


5.0 


5,5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


V IL 


Input low Voltage 


-1.0 


- 


0.8 


V 



D.C. ELECTRICAL CHARACTERISTICS (V DD =5V±105S, Ta=0<W0°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I DDO 


OPERATING CURRENT 

Average Power Supply Operating Current 

(CE, Address Cycleling: t RC =t RC MIN) 


TC51832P-85 


- 


55 


mA 


3,4 


TC51832P-10 


- 


45 


TC51832P-12 


- 


40 


z-ddsi 


STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 

(CE=0E/RFSH=V IH ) 


- 


1 


mA 




T DDF 


SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 

(CE=V DD -0.2V, OE/RFSH=0.2V) 


- 


1 


mA 




r KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V| Vx?t§ V DD , All Other Inputs not under Test=0V) 


-10 


10 


UA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disable, OV £ VouT = V DD) 


-1Q 


10 


uA 




V H 


OUTPUT HIGH LEVEL 

Output "H" Level Voltage (IouT = ~5mA) 


2.4 


- 


V 




Vol 


OUTPUT LOW LEVEL 

Output "L" Level Voltage (IoUT = 4.2mA) 


- 


0.4 


V 





— B-1 08 — 



TC51832P-85, TC51832M0 
TC51832M2 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VPD=5V±10%, Ta=0^70°C) (Notes 5, 



6, 7, 8, 9) 



SYMBOL 


PARAMETER 


TC51832P-85 


TC51832P-10 


TC51832P-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Random Read or Write Cycle 
Time 


135 


- 


160 


- 


190 


- 


ns 




tRI-IW 


Read Write Cycle Time 


200 


- 


240 


- 


280 


- 


ns 




C CE 


CE Pulse Width 


85 


10,000 


100 


10,000 


120 


10,000 


ns 




tp 


CE Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




t CEA 


CE Access Time 


- 


85 


" 


100 


- 


120 


ns 




tOEA 


OE Access Time 


- 


35 


| 40 


- 


50 


ns 




t CLZ 


CE to Output in Low-Z 


10 


- 


io ! - 


io ; - 


ns 




t OLZ 


OE to Output in Low-Z 





- 


| - 


1 - 

1 


ns 




C WLZ 


R/W to Output in Low-Z 





- 





- 


o i - 


ns 




C CHZ 


CE to Output in High-Z 





20 





30 


| 30 


ns 


10 


c OHZ 


OE to Output in High-Z 





20 


! 30 


i 30 


ns 


10 


tfcHZ 


R/W to Output in High-Z 





20 


j 30 


i 30 


ns 


10 


C OHC 


OE Hold Time Referenced to 
CE 





- 


I 
| - 

1 





- 


ns 




c OSC 


OE Set-Up Time Referenced 
to CE 


10 




10 


- 


10 


- 


ns 




C RCS 


Read Command Set-Up Time 










- 





- 


ns 




£ RCH 


Read Command- Hold lime 





- 





- 


Q 


- 


ns 




^ r JP 


Write Pulse Width 


60 


- 


70 | - 


85 


- 


ns 




c kch 


Write Command Hold Time 


60 


- 


70 


- 


85 


- 


ns 




C CWL 


Write Command to CE Lead 
Time 


60 


- 


70 


- 


85 


- 


ns 




C DSW 


Data Set-Up Time Referenced 
to R/W 


35 


- 


40 


- 


50 


- 


ns 


11 


C DSC 


Data Set-Up Time Referenced 
to CE 


35 


- 


40 


- 


50 


- 


ns 


11 


fc DHW 


Data Hold Time Referenced to 
R/W 





- 





- 





- 


ns 


11 


tDHC 


Data Hold Time Referenced to 
CE" 





- 





- 





- 


ns 


11 


C ASC 


Address Set-Up Time 





- 





- 





- 


ns 


12 


fc AHC 


Address Hold Time 


20 


- 


25 


- 


30 


- 


ns 


12 


t FC 


Auto Refresh Cycle Time 


135 


- 


160 


- 


190 


- 


ns 




C RFD 




40 


- 


50 


- 


60 


- 


ns 




CE to RFSH Delay Time 
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(Continued) 



SYMBOL 


PARAMETER 


TC51832P-85 


TC51832P-10 


TC51832P-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


fc FAP 




80 


8,000 


80 


8,000 


80 


8,000 


ns 


13 


RFSH Pulse Width 
(Auto Refresh Cycle) 


CFP 


RFSH Precharge Time 


30 


- 


30 


- 


30 


- 


ns 


13 


tFCE 


RFSH Active to CE Delay Time 


160 


- 


190 


- 


225 


- 


ns 


13 


tFSR 


RFSH Precharge to CE Delay 
Time (Auto Refresh Cycle) 


65 


- 


80 


- 


95 


- 


ns 


13 


tFAS 


RFSH Pulse Width 
(Self Refresh Cycle) 


8,000 


- 


8,000 


- 


8,000 


- 


ns 


13 


C FRS 




160 


- 


190 


- 


225 


- 


ns 


13 


RFSH Precharge to CE Delay 
Time (Self Refresh Cycle) 


tFST 


RFSH Set-Up Time 

(Refresh Counter Test Cycle) 


10 


30 


10 


30 


10 


30 


ns 




C FHT 


RFSH Hold Time 

(Refresh Counter Test Cycle) 


65 


8,000 


65 


8,000 


65 


3,000 


ns 




C REF 


Refresh Period 


- 


: 4 


- 


4 


- 


4 


ms 




t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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CAPACITANCE (V D D=5V±10%, f-UIHz, Ta=0 % 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


CI1 


Input Capacitance (AOO.A14) 


- 


5 


pF 


CI2 




- 


7 


P F 


input Capacitance (CE, OE/RFSH, R/W) 


CIO 


Input/Output Capacitance (1/01^1/08) 


- 


7 


pF 



NOTES : 

1) Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2) All voltages are reference to GND. 

3) IdDO depend on cycle rate. 

4) IdDO depend on output loading. Specified value are obtained with the output open. 



5) An initial pause of 1ms with high CE and high OE/RFSH is required after power-up 
before proper device operation is achieved. 

6) AC measurements assume tj=5ns. 

7) ViH(min. ) and VjL(max.) are reference levels for measuring timing of input sig- 
nals. Also, transition times are measured between Vir and V];^. 

8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) The OE/RFSH input operates as the output enable input(OE) and refresh control 
input(RFSH) under the condition of that CE=Vil and CE=Vih, respectively. 

10) t CHZ» c 0HZ» tr .fflZ define the time at which the output achieves the open circuit 
condition and is not reference to output voltage levels. 

11) In write cycles, the input data is latched at the earlier of R/W or CE rising 
edge. Therefore the input data must be valid during set-up time(tDSW» tDSC) 
and hold time(tDHW» C DHC) • 

12) All address are latched at the falling edge of CE. Therefore must be valid 
during t A sc and tAHO 

13) Two refresh operation - auto refresh and self refresh are determind by the 
OE/RFSH pulse x^idth under the condition of CE=V-[H« 



Auto refresh: OE/RFSH pulse width = tpAP(raax.) 



Self refresh: OE/RFSH pulse width I t FAS (min.) 

The following timing parameter must be kept before device proper operation is 
achieved after refresh. 

Auto refresh: tpcp and tpg^ 
Self refresh: tpRg 
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TIMING CHART 
READ CYCLE 



A0-A14 



OE/RFSH 



R/W 



V IH 

V IL ~ 

VlH — 
VlL — 

VlH — 



VlH 
VlL 



I/01-I/08 V OH 

Vol — 











t 


RC 














L ^ ■ 




=[. 


^CE 


L J 


\ 


\: J. 






j^ASC 


t AHC 




m: ~ s mm///////-/////////////////////// 






"•^OHC 1 






t 


OSC 






X 


\ r ? 




\VGB 








l RCH 




JT 




t CEA 






"tCHZ 


V 






t OEA 




t OHZ 














I 


^ 


DATA-OUT 


s 






l OLZ 


i 












*c 


LZ 


//A Don' t Care 



WRITE CYCLE 



VlH 
VlL 



:7^^t 



A0~A14 



OE/RFSH 



VlL 
V 



l ASC 



C RC 



-f 



C AHC 



IH — ~~T 
IL — ' 



"-OSC 



R/IV 



VlH — " 
VlL — . 



I/01-I/08 V I H . 

VlL — 



tp 



\ 



;.. ~ w .,„■„ willllllWIIIIIIIIIIIIIIIIIIIIIIIlim 



^CH 



X 



&CWL 



l WP 



Z 



; OHC 



X DSC 



■^DHW 



t DHC 



C 



DATA-IN 



> 



(/// Don 



' t Care 
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READ WRITE CYCLE 



VlH -J ^ 

VlL —-f " = 



A0-A14 



OE/RFSH 



:"=$: 



&RMW 



°CE 



ADDRESS 



V IH~ 
Vtt. 



R/tt 



V IH— ~Jf 

V IL f 



'RCS 






-IN 



VlL 
I/O 1-1/08 



I — OUT 



V H — 

vol—" 



¥ \ 



W////////////////////////////////////////M 



''OLZ 



L 



l CEA 



^QEA, 



l CLZ 



'OSC 



m — r 



t CWL 



t WP 



& DSW 



l WHZ 



G QHZ 



DATA- OUT 



t DHW 



'DSC 



t DHC 



DATA- IN 



J WLZ 



> 



}CHZ, i 



wm. 



1 / h Don' 



t Care 



CE ONLY REFRESH CYCLE 



CE 



VlH 
VlL 



-J 



OE/RFSH 



VlH- 
VlL- 



^SC 



■tRC 



J CE 



c OSC 



fl/W V IH ' 

VlL— ■ 



7 



■tRSC 



. *P , 



f \ 



"-mm ^^t-m////////////////////////////////////m 



&OHC 



I/O 1-1/08 



V H- 
VOL- 



OPEN 



yV/ Don' t Care 
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AUTO REFRESH CYCLE 



OE/RFSH 



Vih 
VlL 



V IH 
VlL 



~^r 



x 



tRFD 



J FC 



\: 



t FP 



v 



tpcE 



t PA p 



. tFSR 



1/01-1/08 V ° H 

vol—" 



OPEN 



SELF REFRESH CYCLE 



Note) A0-A14 , R/W=Don' t Care 



CE 



YlH 
VlL 



OE/RFSH IH 

VlL 



tRFD 



&FAS 



\ 



^FRS 



I/O 1-1/08 



V H — 

vol—' 



Note) A0-A14 ,R/W=Don' t Care 
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REFRESH COUNTER TEST CYCLE (READ WRITE) 

t P 



ce/rfsh 



B/W 



r 

L 



l RMW 



v ik — -y 



AO-A14 V IH 

VlL 



\ 



t CE 



■f 



\ 



w//m//m//m/m//////////////m//////m/////m 



V IL — 

VlH— ■ 
VlL— • 



IN 



I/O 1~ I/O 8 



'IH 
r IL 



OUT 



V H— . 

vol — 



U FRD 



1 i_^FST_ 



f 



'RCS 



; FHT 



if 



D CEA 



'CLZ 



T -OSC 



\ HYP | jS 



C CWL 



t DSW 



& DSC 



7 



l DHW 



t DHC 



C 



DATA- I 



o 



t WHZ 



c OHZ 



Il-OUT ^ 



tWLZi 



t CHZ 



22 Don' 



REFRESH COUNTER TEST 

The internal refresh operation of TC51832P can be tested by REFRESH COUNTER 
TEST. This cycle performs READ/WRITE operation taking the internal counter address 
as row address and fixed zero as column address. 
The test procedure is as follows. 

(X) Write "0" into all the memory cells at normal write mode. 

(2) Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. 

Repeat this operation 256 times. 
(J) Check "1" out of 256 bits at normal read mode, which was written at (2) 
© Read "1" out and write "0" in each cell by performing REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, which was written at (4) 

(6) Perform the above (V) to (5) the complement data. 
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[OUTLINE DRAWINGS (6D28A-P) 



Unit in mm 



28 15 
i—ii— ii—ii—ii—ir— it— ii— inr—if— it— ir— ir— i 




) 

i ii ii ii ii ii ii ii i i i i ii ii ii ii i 


X 
-< 

l-t 




NOTES: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No. 28 leads. 
All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 



32,768 WORD X 8 CMOS PSEUDO STATIC RAM 

SILICON MONOLITHIC 
SILICON GATE CMOS 



TC51832PL-85, TC51832PL-10 
TC51832PL-12 



DESCRIPTION 



The TC51832PL is a 256K bit high speed CMOS pseudo static RAM organized as 32,768 
words by 8 bits. The TC51832PL utilized one transistor dynamic memory cell with CMOS 
peripheral circuit to provide large capacity, high speed and low power features. System 
oriented features include single power supply of 5V±10% torelance. The OE/RFSH input 

allows txco types of refresh operation auto refresh and self refresh. The TC51832PL 

also features static RAM like write function that the input data iswritten into the 
memory cell at the rising edge of R/W, thus being easy to interface with microprocessor. 
The TC51832PL is a pin-compatible with 256K bit CMOS static RAM - TC55257P and is moulded 
a standard 0.6 inch width plastic DIP. 



FEATURES | 



Organization: 32,768 word 8 bit 
Fast Access Time and Cycle Time 



— — — _____ 


1TC51832PL-85 


TC51832PL-10 


TC51832PL-12 


C CEA CE Access Time 


35ns 


100ns 


120ns 


c 0EA 0E Access Time 


35ns 


40ns 


50ns 


C RC Cvcle Time 


135ns 


160ns 


190ns 



Single Power Supply: 5V±10% 
Static RAM like Write Function 



1PIN CONNECTIONl 

(top view) 



A14C 
A12C 
A7 



A6 
A5 
A4 
A3 
A2 
Al 
A0 



1/01 C 11 
I/0 2C 12 
l/OZl 13 

GND[ 14 



C 10 



3 V DD 

_iV^V 

26 - A13 
25 - A 8 

_A9 

_A11 

_OE/SFSH 
21.A10 
20.CE 

31/08 

31/07 

J 1/0 6 
16 31/05 



BLOCK DIAGRAM 



V DD QND 

? r 



31/04= 



t~A8 Q^; 



PIN NAMESl 


A0 «\, A14 


Address Inputs 


R/W 


Read/Write Control 
Input 


OE/RFSH 


Output Enable/Refresh 
Input 


CE 


Chip Enable Input 


1/01^1/08 


Data Input/Output 


VDD 


Power (+5V) 


GND 


Ground 



A7~A0 8, 



COLUMN 
ADDRESS 
3UFFER(7) k 



ROW 

ADDRESS 

BUFFER(8) 



All inputs and outputs: TTL Com- 
patible 
Low Power Dissipation 
Operating : 303mW(TC51332PL-85) 
248mW(TC51832PL-10) 
220mU(TC51832PL-12) 
Standby : l.lmW 
Self Refresh: l.lmW 
Two types of Refresh Operation 
Capability 
Auto Refresh 
Self Refresh 
Pin compatible with 256K bit CMOS 
Static TAM TC55257P 



REFRESH 
COUNTER^) 



OE/RFSH O- 



R/fr o- 



CLOCK 
GENERATOR 

r -tO- 

L=o- 
— to- 



V 



COLUMN 
DECODER 



SENS AMP. 
I/O GATE 



01 



> o rf 

■/ rtp T 



-128X8- 



MEMORY 
ARRAY 



Si 






If 



Enfe 

flffl 



REFRESH 
CONTROLLER 



REFRESH 
TIMER 



\ 



\ 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


NOTES 


VlN 


Input Voltage 


-1.0^7.0 


V 


1 


v OUT 


Output Voltage 


-1.0^7.0 


V 


1 


V D D 


Power Supply Voltage 


-l.O'W.O 


V 


1 


T OPR 


Operating Temperature 


0^70 


°C 


1 


T STG 


Storage Temperature 


-55 ^150 


°C 


1 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C«sec 


1 


Pd 


Power Dissipation 


600 


raW 


1 


I OUR 


Short Circuit OuLput Current 


50 


raA 


1 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0^70°C) 



SYMBOL 


ITEM 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


V DD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V IH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


V IL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V DD =5V±10%, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


L DDO 


OPERATING CURRENT 

Average Power Supply Operating Current 

(CT, Address Cycling: t RC =t RC MIN) 


TC51832PL-85 


- 


55 


mA 

i 


3, 4 


TC51332PL-10 


- 


45 


TC51832PL-12 


- 


40 


X DDS1 


STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 

(CE=OE/RFSH=V IH ) 


- 


1 


mA 




IDDS2 


STANDBY CURRENT 2 

Power Supply Standby Current, CMOS Level Input 

(CE=OE/RFSH=V DD -0 . 2V) 


- 


0.2 


mA 




r DDF 


SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 

(CE=V D n-0.2V, OE/RFSH=0.2V) 


- 


0.2 


mA 




r I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(° V = V IN= V DD» A11 Other Inputs not under Test=0V) 


-10 


10 


' uA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disable, 0V£V O uT=Vdd) 


-10 


10 


UA 




V 0H 


OUTPUT HIGH LEVEL 

Output "H" N Level Voltage (IoUT=-5mA) 


2.4 


- 


V 




V OL 


OUTPUT LOW LEVEL 

Output "L" Level Voltage (IoUT =4 .2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V DD =5V±LO%, Ta=0^70°C) (Notes 5, 



6, 7, 8, 9) 



SYMBOL 


PARAMETER 


TC51832PL-85 


TC51832PL-10 


TC51832PL-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN . 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle 
Time 


135 


- 


160 


- 


190 


- 


ns 




C RMW 


Read Write Cycle Time 


200 


- 


240 


- 


230 


- 


ns 




tCE 


CE Pulse Width 


85 


10,000 


100 


10,000 


120 


10,000 


ns 




tp 


CE Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




C CEA 


CE Access Time 


- 


85 


- 


100 


- 


120 


ns 




t OEA 


OE Access Time 


- 


35 


- 


40 


- 


50 


ns 




C CLZ 


CE to Output in Lou-Z 


10 


- 


10 


- 


10 


- 


ns 




tOLZ 


OE to Output in Low-Z 





- 





- 





- 


ns 




C WLZ 


R/W to Output in Low-Z 





- 





- 





- 


ns 




C CHZ 


CE to Output in High-Z 





20 





30 





30 


ns 


10 


c OKZ 


OE to Output in High-Z 





20 





30 





30 


ns 


10 


C WHZ 


R/W to Output in High-Z 





20 





30 





30 


ns 


10 


c OHC 


OE Hold Time Referenced to 
CE 





- 





- 





- 


ns 




c OSC 


OE Set-Up Time Referenced 
to CE 


10 


- 


10 


- 


10 


- 


ns 




C RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




C RCH 


Read Command Hold Time 





- 





- 





- 


ns 




C WP 


Write Pulse Width 


60 


- 


70 


- 


35 


- 


ns 




C WCH 


Write Command Hold Time 


60 


- 


70 


- 


85 


- 


ns 




C CWL 


Write Command to CE Lead 
Time 


60 


- 


70 


-. 


35 


- 


ns 




C DSW 


Data Set-Up Time Referenced 
to R/W 


35 


- 


40 . 


- 


50 


- 


ns 


11 


t DSC 


Data Set-Up Time Referenced 
to CE 


35 


- 


40 


- 


50 


- 


ns 


11 


C DHW 


Data Hold Time Referenced 
to R/W 





- 





- 





- 


ns 


11 


tDHC 


Data Hold Time Referenced 
to CE 





- 





- 





- 


ns 


11 


C ASC 


Address Set-Up Time 





- 





- 





- 


ns 


12 


C AHC 


Address Hold Time 


20 


- 


25 


- 


30 


- 


ns 


12 


fc FC 


Auto Refresh Cycle Time 


135 


- 


160 


- 


190 


- 


ns 




C RFD 




40 


- 


50 


- 


60 


- 


ns 




CE to RFSH Delay Time 
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(Continued) 



SYMBOL 


PARAMETER . 


TC51832PL-85 


TC51832PL-10 


TC51832PL-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


- MIN. 


MAX. 


C FAP 


RFSH Pulse Width 
(Auto Refresh Cycle) 


80 


8,000 


80 


8,000 


80 


8,000 


ns 


13 


t FP 




30 


- 


30 


- 


30 


- 


ns 


13 


RFSH Precharge Time 


t FCE 




160 


- 


190 


- 


225 


- 


ns 


13 


RFSH Active to CE Delay Time 


t FSR 


RFSH Precharge to CE Delay 
Time (Auto Refresh Cycle) 


65 


- 


80 


- 


95 


- 


ns 


13 


C FAS 


RFSH Pulse Width 
(Self Refresh Cycle) 


8,000 


- 


8,000 


- 


8,000 


- 


ns 


13 


tFRS 


RFSH Precharge to CE Delay 
Time. (Self Refresh Cycle) 


160 


- 


190 


- 


225 


- 


ns 


13 


tFST 


RFSH Set-Up Time 

(Refresh Counter Test Cycle) 


10 


30 


10 


30 


10 


30 


ns 




tFHT 


RFSH Hold Time 

(Refresh Counter Test Cycle) 


65 


8,000 


65 


3,000 


65 


8,000 


ns 




tREF 


Refresh Period 


- 


4 


- 


4 


- 


4 


ms 




■t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 





CAPACITANCE (V DD =5V±10%, f=lMKz, Ta=0 %70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


CI1 


Input Capacitance (A0^A14) 


- 


5 


PF 


CI2 




- 


7 


pF 


Input Capacitance (CE, OE/RFSH, R/W) 


CIO 


Input/Output Capacitance (1/0.1 ^1/08) 


- 


7 


pF 
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MOTES: 

1) Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2) All voltages are reference to GND. 

3) IqDO depend on cycle rate. 

4) ^DDO depend on output loading. Specified value are obtained with the output 
open. 



5) An initial pause of 1ms with high CE and high OE/RESH is required after power- 
up before proper device operation is achieved. 

6) AC measurements assume tx=5ns. 

7) Vin(min.) an d Vj;L(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj^ and V^. 

S) Measured with a load equivalent to 2 TTL loads and lOOpF. 



9) The OE/RFSH input operates as the output enable input (OE) and refresh control 
input (RFSH) under the condition of that CE=Vjl a ^d CE=ViHi respectively. 

10) tCHZ» t 0HZ» C WHZ define the time at which the output achieves the open. circuit 
condition and is not reference to output voltage levels. 

11) In write cycles, the input data is latched at the earlier of R/W or CE rising 
edge. Therefore the input data must be valid during set-up time (tQSW* tnsc) 
and hold time (tDHW» tDHC) • 

L2) All address are latched at the falling edge of CE. Therefore must be valid 
during tASC and tAHC- 

13) Two refresh operation - auto refresh and self refresh are determind by the 
OE/RFSH pulse width under the condition of CE=V];h. 



Auto refresh: OE/RFSH pulse width £ tp AP (max.) 



Self refresh: OE/RFSH pulse width = tp A s (min. ) 

The following timing parameter must be kept before device proper operatio is 
achieved after refresh. 

Auto refresh: tpcE an d tpgR 
Self refresh: tFRS 
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TIMING CHART 
READ CYCLE 



A0~A14 



;OE/RFSH 



R/V7 



V IH 

V IL — 

VlH — 
VlL — 

VlH — 
VlL — 

V IH — 
VlL — 



J/01 -I/O 8 V 0H 

Vol — 



Vsc 



'RC 



't 



°CE 



ADDRESS 



RCS 



[ P , 



2~\ 



W//////////////////////////////////// 



D OHC 



K 



^CEA 



■-OEA 



t OLZ 



D CLZ 



ZIZ7 



'OSC 



D RCH 



t CHZ 
t- OHZ 



\ 



DATA-OUT 



> 



Don' t Care 



WRITE CYCLE 



VlH —7 > 

Vil / ^ 



AO-A14 - 1 " rjk 



VlH 
VlL 



^ASC 



ADDRESS 



RFSH VlH 7 

VlL f 



'•OSC 



OE/RFSH 



R/W 



VlH — ' 
VlL — ■ 



I/01-I/08 V I H . 

VlL — 



D RC 



D CE 



■r 



\ 



t WCH 



v 



t WP 



"DSW 



z 



; OHC 



■tDSC 



tpHW 



t DHC 



c 



DATA- IN 



> 



Y// Don 



' t Care 
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READ WRITE CYCLE 



Vih 

VlL 



-1 t 



A0~A14 



OE/RFSH 



IZ-M 



'IL 



'IH 
'11/ 



t ASC 



& AHC 



ADDRESS 



B/N 



>,-^ 



; RCS 



'IH 



rlJN 

I/O 1- I/O Q 



-OUT 



VOH — 

vol—" 



'OHC 



■-OLZ 



■tCEA 



D RMW 




j/= \ 



W/////////////////M 



L 



.^QEA, 



t CLZ 



7 



t OSC 



v — V 



D CWL 



% m> 



C DSW 



i 



■tWHZ 



^OHZ 



DATA-OUT 



t DHW 



'DSC 



t DHC 



DATA- IN 



%LZ 



j-CHZ i 



<^> 



VA Don' 



CE ONLY REFRESH CYCLE 



VlH -~7 s vh 

VlL f ^ 



OE/RFSH 



R/W 



vih— ; 

VlL' 

V 1H — " 
VlL— . 



'ASC 



D AHC 



t RC 



'CE 



tosc 



t RSC 



VIH J? 

Vtt, / 



¥ \ 



zwm : »™„ ->w///m/mi/////i//////m///m 



^OHC 



t RCH 



I/O 1-1/08 V 0H — 

Vol — ' 



OPEN 



^//^ Don' 



t Care 
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AUTO REFRESH CYCLE 



VlH — 
VlL 



= ^" 



OE/RFSH 



VlL — 



X 



&RFD 



M 



'FP 



tpCE 



C FAP 



„ t FSR 



I/O 1~ I/O 8 



vol—' 



OPEN 



SELF REFRESH CYCLE 



Note) AO~A14 ,R/W=Don' t Care 



CE 



YlH 
VlL 



OE/RFSH IH 



VlL" 



t RFD 



&FAS 



t FRS 



I/01-I/08 



V H — _ 

vol — ' 



OPEN 



Note) A0~A14 , B/W=Don' t Care 



B-124 



TC51832PL-85, TC51832PL-10 
TC51832PL-12 



REFRESH COUNTER TEST CYCLE (READ WRITE) 



OE/RFSH 



R/W 



1 B1M 



VlH — 
VlL — 



7 



tp 



■^CE 



tp 



¥ \ 



VlL 



\ m/m/Mm/w/w//w///////www/t/////m 



U FRD 



VlH — " 
VlL— ■ 



'IH 



VlL — 
I/O 1-1/08 

L. 



OUT 



V H— . 

Vol - 



\ 



t FST 



1 



t RCS 



'FHT 



t 



6 CEA 



c OSC 



\ ,\?~ 



C CWL 



&DSW 



t DSC 



7 



'DHW 



tDHC 



< DATA-IN ^ 



l vraz 



L OHZ 



DATA 



-OUT £ 



t CLZ 






^Don' 



t Care 



REFRESH COUNTER TEST 

The internal refresh operation of TC51332PL can be tested by REFRESH COUNTER 
TEST. This cycle performs READ/WRITE operation taking the internal counter 
address as row address and fixed zero as column address. 
The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal wirte mode. 

(2) Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. 

Repeat this operation 256 times. 
(J) Check "1" out of 256 bits at normal read mode, which was written at (2) . 

(4) Read "1" out and write "0" in each cell by performing REFRESH COUNTER TEST. 
Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, which was written at (4) • 

(6) Perform the above (T) to (5) the complement data. 
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IQUTLINE DRAWINGSl (6D28A-P) 



Unit in mm 



28 15 
r— ir— ir-ir—ir— ini—if— ir-ii—ir— 11—11— 11 — i 




) 


<: 
s 

Oi 

<* 


l_ll_ILJI_JLJl_Jl_ll_JLJI__Jl_ll_JI_Jll_I 






NOTES: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No. 28 leads. 
All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 



2,048 WORD X 8 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 



TMM2018AD-25, TMM2018AD-35 

TMM2018AD-45 



IDESCRIPTIONl 

The TMM2018AD is a 16,384 bits high speed and low power static random access 
memory organized as 2,048 words by 8 bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 150mA/ 13 5mA/ 135mA, When CTJ goes high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 

Thus the TMM2018AD is most suitable for use in cache memory and high speed storage. 
The TKM2018AD is offered in a 24 pin standard cerdip package with 0.3 inch width for 
high density assembly. 

The TMM2018AD is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 



IFEATURESI 



Fast access time 

t ACC =25ns: TMM2018AD-25 
t ACC =35ns: TMM2018AD-35 
t ACC =45ns: TMM2018AD-45 

Low power dissipation 
ICC= 150mA: TMK2018AD-25 
lCC«=135mA: TMM2018AD-35 
ICC=135nA: TMM2018AD-45 
ISB=20mA 

Single 5V power supply 



• Fully static operation 

• All inputs and outputs 

Directly TTL Compatible 

• Power down feature: C~S"=Vih 

• Output buffer control: 0E 

• Three state outputs 

• Inputs protected: All inputs protection against 

static charge. 

• Package: 24 pins standard cerdip package, 0.3 inch 

width 




IBLOCK DIAGRAM! 
cs 



PIN NAMESl 


Ao-Aio 


Address Inputs 


I/0 r I/0 8 


Data Input/Output 


£5 


Chip Select Input 


W 


Write Enable Input 


<3E 


Output Enable Input 


v C c 


Power (+5V) 


GKD 


Ground 




OEo- 



S> 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power Supply Voltage 


-3.5-7.0 


V 


VIN 


Input Voltage 


-3.5-7.0 


V 


vi/o 


Input/Output Voltage 


-3.5-7.0 


V 


Topr 


Operating Temperature 


0-70 


°c 


T stg 


Storage Temperature 


-55-150 


°C 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°C.sec 


PD 


Power Dissipation 


0.9 


W 


lOUT 


D.C. Output Current 


20 


mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VIH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VIL 


Input Low Voltage 


-3.0* 


- 


0.8 


V 


vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* Pulse Width: 10ns, DC: -0.5V(MIN.) 



D.C. CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


UL 


Input Current 


VIN=0-VCC 


- 


±1.0 


M A 


VOH 


Output High Voltage 


l0H=-4 • OmA 


2.4 


- 


V 


VOL 


Output Low Voltage 


IOL=8.0mA 


_ 


0.4 


V 


ILO 


Output Leakage Current 


V0UT=0-VCC, C5=VIH 


_ 


±1.0 


VIA 


ice 


Operating Current 


C3=ViL 


-25 


- 


150 


mA 


-35 


- 


135 


-45 


- 


135 


ISB 


Standby Current 


£5=VlH 


- 


20 


mA 


ISBP 


Peak Power-on Current 


CS=VCC, VCC=0-5.5V 


- 


40 


mA 



CAPACITANCE* (Ta=25°C, f-lMHz)' 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN.. 


Input Capacitance 


Vin=0V 


5 


PF 


COUT 


Output Capacitance 


V0UT=0V 


10 



* Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS 
READ CYCLE 



(Ta-0-70°C» Vcc-5V±10%) 



SYMBOL 


PARAMETER 


TMM2018AD-25 


TMM2018AD-35 


TMM2018AD-A5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


25 


_ 


35 


«. 


45 


_ 


i 

ns 


tACC 


Address Access Time 


- 


25 


- 


35 


- 


. 45 


c CO 


Chip Select Access Time 


- 


25 


- 


35 


- 


A5 


c OE 


Output Enable to Output Valid 


- 


15 


- 


20 


- 


20 


C CLZ 


Chip Selection to Output in Low-Z 





- 





- 





- 


tCHZ 


Chip Deselection to Output in 
High-Z 


- 


15 


- 


20 


- 


20 


c OLZ 


Output Enable to Output in Low-Z 





- 





- 





- 


c OHZ 


Output Disable to Output in High-Z 


- 


12 


- 


15 


- 


15 


tOH 


Output Data Hold Time 


5 


- 


5 


_ 


5 


- 


C PU 


Chip Selection to Power Up Time 





- 





- 





- 


C PD 


Chip Deselection to Power Down 
Time 


- 


20 


- 


30 


- 


30 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TMM2018AD-25 


TMM2018AD-35 


TMM2018AD-A5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


25 


- 


35 


- 


A5 


- 


ns 


tew 


Chip Selection to End of Write 


20 


- 


30 


- 


A0 


- 


tAS 


Address Set Up Time 





- 





- 





- 


C WP 


Write Pulse Width 


20 


- 


30 


- 


35 


- 


C WR 


Write Recovery Time 





- 





- 







tWLZ 


WE to Output in Low-Z 





- 





- 





- 


*WHZ 


WE to Output in High-Z 


- 


12 


- 


15 


- 


15 


tns 


Data Set Up Time 


12 


_ 


15 


_ 


20 


_ 


t DH 


Data Hold Time 





- 





- 





- 



A.C. TEST C0NDIT0NS 



'cc 



Input Pulse Levels 


3.0V/0.0V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 
Reference Levels 


2.0V/0.8V 


Output Load 


See Fig.l 



I/O PINO- 



30pFi= 

JTT 



510Q 



| 300O 
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TIMING WAVEFORMS 

READ CYCLE ~1. (EE-Vih, C5«Vil) 

*RC 



Add. 



OE 



D OUT 



x: 



x 



tAcc 



= Nt 



L OE 



^H 



f 



t OHZ 



C CH 



OUTPUT DATA VALID 



READ CYCLE 2. (WE=Vih, SE=Vil) 

tRc 



^OUT 

SUPPLY I cc 
CURRENT I SE 



T CO 



: CLZ ,| 



r PU 



/ 



/ 



OUTPUT DATA VALID 



> 



*FD 



1 



WRITE CYCLE 1. 



Add 



X 



£ 



L WC 



*cw 



:x 



tAS 



WE 




OE Xy 



y///////////// 



l vrp 



twsz 



E OUT 



>m 




x 



°DS 



t ffR 



l WLZ 



^OLZ 



■DH 



DATA IN STABLE 



X 



- C-6 - 



TMM2018AD-25, TMM2018AD-35 
TMM2018AD-45 



WRITE CYCLE 2. 



Add 



XI 



L AS 



twc 



-CW 



- \^\\\^m : 



- '//////////// 



tWF 



\ tf///////////, 



r WHZ 



t 0H2 



J OUT 



Din 



> 



x 



C DS 



*WR 



^^ 



C DH 



DATA IN STABLE 



X 



Note: 

1. In read cycle 2, all addresses are valid prior to or coincident with 
US transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 



24 23 22 2 1 20 19 18 17 16 15 14 13 

f|i rp rfi rji rn rfi rh rp r|i r|i rjn r|i, 



4jl1ji4jl|jl1ji4jl[jlPl|ji4ji-}-ii4J 



32.4 MAX 



10 11 12 



Unit in nun 




a4±Q2 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their longitudinal position with respect to No.l and No. 24 
leads. 
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[DESCRIPTION] 

The TMM2018AP is a 16,384 bits high speed and low power static random access memory 

organized as 2,048 words by 8 bits and operates from a single 5V supply. 

Toshiba's high performance device technology provides both high speed and low power 

features with a maximum access time of 25ns/35ns/45ns and maximum operating current 

of 150mA/135mA/135mA. When C~S goes high, the device is deselected and placed in a 

low power standby mode in which maximum standby current is 20mA. 

Thus the TMM2018AP is most suitable for use in cache memory and high speed storage. 

The TMM2018AP is offered in a 24 pin standard plastic package with 0.3 inch width for 

high density assembly. 

The TMM2018AP is fabricated with ion implanted N channel silicon gate MOS technology 

for high performance and high reliability. 



FEATURES 



Fast access 

t ACC =25ns: 
tACC=35ns: 

tACC=45ns: 

Low power d 

I cc =150mA: 

lQQ=135mA: 

ICC=135mA: 

ISB = 20mA 



time 

TMM2018AP-25 
TMM2018AP-35 
TMM2018AP-45 
issipation 
TMM2018AP-25 
TMM2018AP-35 
TMM2018AP-45 



• Single 5V power supply 

• Fully static operation 

• All inputs and outputs: Directly TTL compatible 

• Power down feature: CS=Vih 

• Output buffer control: C-E 

• Three state outputs 

• Inputs protected: All inputs protection against 

static charge. 

• Package: 24 pin standard plastic package, 0.3 inch 

width. 



PIN CONNECTION 



[BLOCK DIAGRAM] 



A7C 

AeC 

A5C 
A4C 

A3C 
A2E 

A1C 

AOC 

I/01C 

I/D2E 

1/03 C 

ONDC 



V 



24 D V CC 
23 DA8 
22 DA9 
21 3 WE 
20 JOE 
19DA10 
18 DCS 
17 3 1/08 
16 3 1/07 
15 J I/O 6 
14 3 1/05 
13 3 1/04 



PIN NAMES | 








AO'bAlO 


Address Inputs 


1/01 ^1/08 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


v C c 


Power (+5V) 


GND 


Ground 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power Supply Voltage 


-3.5^7.0 


V 


VlN 


Input Voltage 


-3.5^7.0 


V 


V I/0 


Input/Output Voltage 


-3.5^7.0 


V 


^opr 


Operating Temperature 


0i,70 


C C 


T stg 


Storage Temperature 


-55 0,150 


°C 


^solder 


Soldering Temperature "Time 


260 • 10 


°C«sec 


P D 


Power Dissipation 


0.9 


W 


I OUT 


D.C. Output Current 


20 


mA* 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-3.0* 


- 


0.8 


V CC 


Power Supply Voltage 


4.5 


5.0 


5.5 



Pulse Width: 10ns, DC: -0.5V (MIN.) 



D.C. CHARACTERISTICS (Ta=0'W0 o C, V"cc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN . 


MAX. 


UNIT 


T IL 


Input Current 


V IN =0^V C c 


- 


±1.0 


ViA 


VOH 


Output High Voltage 


IOH =- 4.0mA 


2.4 


- 


V 


V OL 


Output Low Voltage 


I OL =8.0mA 


_ 


0.4 


V 


lLO 


Output Leakage Current 


V UT = O^V CC , CS=V IH 


- 


±1.0 


uA 


X CC 


Operating Current 


cs=v IL 


-25 


- 


150 


mA 


-35 


- 


135 


-45 


- 


135 


: SB 


Standby Current 


CS=V 1E 




- 


20 


mA 


I SBP 


Peak Power-on Current 


CS=V C C, V C c=0^5.5V 


- 


40 



CAPACITANCE* (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C IN 


Input Capacitance 


Vi N =0V 


5 


pF 


c OUT 


Output Capacitance 


V OUT =0V 


10 



* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 



A.C. CHARACTERISTICS (Ta=0 'v 70°C, V CC =5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TMM2018AP-25 


TMM2018AP-35 


TMM2018AP-A5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


tACC 


Address Access Time 


- 


25 


- 


35 


- 


45 


tco 


Chip Select Access Time 


- 


25 


- 


35 


- 


45 


t OE 


Output Enable to Output Valid 


- 


15 


- 


20 


- 


20 


C CLZ 


Chip Selection to Output in Low-Z 





- 





- 





- 


tCHZ 


Chip Deselection to Output in 
High-Z 


- 


15 


- 


20 


- 


20 


t OLZ 


Output Enable to Output in Low-Z 





- 





- 





- 


tOHZ 


Output Disable to Output in High-Z 


- 


12 


- 


15 


- 


15 


t OH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


t PU 


Chip Selection to Power Up Time 





- 





- 





- 


tpD 


Chip Deselection to Power Down 
Time 


- 


20 


- 


30 


- 


30 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2018AP-25 


TMM2018AP-35 


TMM2018AP-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


. MAX. 


C WC 


Write Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


tew 


Chip Selection to End of Write 


20 


- 


30 


- 


40 


- 


*AS 


Address Set Up Time 





- 





- 





- 


C WP 


Write Pulse Width 


20 


- 


30 


- 


35 


- 


tWR 


Write Recovery Time 





- 





- 





- 


tWLZ 


WE to Output in Low-Z 





- 





- 





- 


C WHZ 


WE" to Output in High-Z 


- 


12 


- 


15 


- 


15 


tDS 


Data Set Up Time 


12 


- 


15 


- 


20 


- 


tDH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 



Input Pulse Levels 


3.0V/0.0V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 
Reference Levels 


2.0V/0.8V 


Output Load 


See Fig.l 



I/O PIN O- 



V CC 



15io n 



30pF = <3I0fl 



Fig.l OUTPUT LOAD 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 



TIMING WAVEFORMS 

READ CYCLE 1. (WE=V IH , CS=V IL ) 



Add, 



OE 



D OUT 



X 



C RC 



N=^ 



-OLZ 



OE 



:x: 



t OHZ 




D OH 



OUTPUT DATA VALID 



READ CYCLE 2. (WE=V IR , OE=V IL ) 



l co 



D OUT 



tcLZ 



t PU 



SUPPLY I — t-j 



CUfthElJT 



J 



OUTPUT DATA VALID 



^CHZ t I 



> 



X 



WRITE CYCLE 1. 



Add. 



X 



WE 



tAS 




v////////////// ' 



t-wc 



C CW 



t wp 



x vnz 



tQHZ 



D OUT 



Din 



tDS 



tWR 



•tiw/w////////, 



s 



■tWLZ 



-OLZ 



tDH 



DATA IN STABLE 



X 



— C-12 



WRITE CYCLE 2. 



TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 



Add. 



WE 



OE 



J OUT 

















*wc 


























X 


X 


tAS 








t cw 








t WR 






m 








/ 






1 


\ 
















t WP 




m^M»s 












v/////////////// 










V//////////A 


W 




t WHZ 














N 


mm 




tOHZ 












\ 




/ 




1 


tDS 






t-DH 




i? 








X 








H- 


DATA 


IN STABLE 


f 





Note: 1. In read cycle 2, all addresses are valid prior to or coincident 
with ClT transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air 
flow exceeding 400 linear feet per minute. 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 



OUTLINE DRAWINGS 



24 

n i— i r— i r—i 



13 
r-i r-i r-i n 



I I U U U I IU 

12 



3 0.0MAX 




Unit in mm 



7.62 ±0.25 



0.25 



+ 0.1 
0.05 




0~15 c 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal 
position with respect to No.l and No. 24 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 



TMM2068AD-25, TMM2068AD-35 
TMM2068AD-45 



DESCRIPTION 

The TMM2068AD is a 16,384 bits high speed and low power static random access memory 

organized as A, 096 words by U bits and operates from a single 5V supply. 

Toshiba's high performance device technology provides both high speed and low power 

features with a maximum access tine of 25ns/35ns/A5ns and maximum operating current 

of 135/1 20 /1 20mA When ~CS goes' high, the device is deselected and placed in a low 

power standby mode in which maximum standby current is 20mA. 

Thus the TMM2068AD is most suitable for us in cache memory and high speed storage 

The TMM2068AD is offered in a 20 pin standard cerdip package with 0.3 inch width for 

high density assembly. 

The TMM2068AD is fabricated with ion implanted N channel silicon gate MOS technology 

for high performance and high reliability. 



FEATURES 

. Fast access time 

tACC=25ns: TMM2068AD-25 
tACC=35ns: TMM2068AD-35 
tACC s 45ns: TMM2068AD-45 

. Low power dissipation 
lCC=3 35mA: TMM2068AD-25 
lCC=120mA: TMM2068AD-35 
lCC = 120mA: TMM2068AD-45 
lSB=20mA 

. Single 5V power supply 



. Fully static operation 

. All inputs and outputs: Directly TTL compatible 

. Power down feature : CS=Vih 

. Three state outputs 

. Inputs protected: All inputs protection against 

static charge'. 
. Package: 20 pins standard cerdip package, 0.3 inch 
width. 

BLOCK DIAGRAM 



PIN CONNECTION 



A 7 C 1 
A6 [2 
A5[3 
A4 £ 4 
A3 C 5 
AZ C 6 
Al C 7 
A0_C B 
CS C 9 
ONE C 10 



-KJ- 



zo 3 v cc 

19 J A8 

IB] A9 

17 J A 10 

16 3 All 

15 3 1/01 

14 3 I/0Z 

13 3 1/03 

12 3 1/04 



AS 
AC 
A7 
A8 
A9 



O — 1£ 

o--t£ 
o-fc: 
aio o--fe: 



MEMORY 

CELL. ARRAY 

( 128X32X4 ) 



1/01 c- 
1/02 o- 
1/03 O- 
1/04 O- 



(TOP VIEW) 



PIN NAMES 


« 


AO-AH 


Address Inputs 


I/Oi-I/OA 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


vcc 


Power (+5V) 


GND 


Ground 



sr 



*^ .- 



CS O-i- 

ffI~o 



COLUMN I/O 
CIRCUIT 



^ 



COLUMN 
DECODER 




^ 



CS AO Al A2 A3 A4 
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TMM2068AD-25, TMM2068AD-35 
TMM2068AD-45 



HAX1HUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power Supply Voltage 


-3.5-7.0 


V 


VlN 


Input Voltage 


-3.5-7.0 


V 


Vl/O 


Input/Output Voltage 


-3.5-7.0 


v , 


Topr 


Operating Temperature 


0-70 


°c 


Tstg 


Storage Temperature 


-55-150 


°c 


Tsolder 


Soldering Temperature«Time 


260-10 


°C-sec 


PD 


Power Dissipation 


1.0 


W 


lOUT 


D.C. Output Current 


20 


raA 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


M1N. 


TYP. 


MAX. 


UNIT 


V] H 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-3.0 * 


- 


0.8 


V 


vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



Pulse Width: 10ns, DC: -0.5V (Min.) 



D.C. CHARACTERISTICS (Ta=0~70°C, V CC =5V±I0%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


3lL 


Input Current 


VlN=0-V C C 


- 


±1.0 


PA 


VOH 


Output High Voltage 


10H =- 4.0mA 


2. A 


- 


V 


VOL 


Output Low Voltage 


IOL=8.0mA 


- 


0.4 


V 


lLO 


Output Leakage Current 


VquT'O-Vcc, CS=Vih 


- 


±1.0 


VA 


!CC 


Operating Current 


CS-Vi L 


-25 


- 


135 


mA 


-35 


- 


120 


-45 


- 


120 


J SB 


Standby Current 


CS=Vih 


- 


20 


mA 


ISBP 


Peak Power-on Current 


CS=V C C, V C c- 0- 5.5V 


- 


40 


mA 



CAPACITANCE* (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


V 1N =0V 


8 


PF 


COUT 


Output Capacitance 


VoUT e 0V 


8 



* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2068AD-25, TMMZ068AD-35 
TMM2068AD-45 



A.C. CHARACTERISTICS (Ta-0-70°c, v C c-5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TMM2068AD-25 


TMM2068AD-35 


TMM2068AD-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


tACC 


Address Access Time 


- 


25 


- 


35 


- 


45 


tco 


Chip Select Access Time 


- 


25 


- 


35 


- 


45 


tCLZ 


Chip Selection to Output 
in Low-Z 


5 


- 


5 


- 


5 


- 


tCHZ 


Chip Deselection to 
Output in High-Z 





15 





20 





20 


tOH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


tpu 


Chip Selection to Power 
Up Time 





- 





- 





- 


C PD 


Chip Deselection to Power 
Down Time 


- 


20 


- 


30 


- 


30 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2068AD-25 


TMM2068AD-35 


TMM2068AD-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


tew 


Chip Selection to End of 
Write 


20 


- 


30 


- 


40 


- 


tAS 


Address Set Up Time 





- 





- 





- 


tWP 


Write Pulse Width 


20 


- 


30 


- 


35 


- 


tWR 


Write Recovery Time 





- 





- 





- 


tWLZ 


WE to Output in Low-Z 





- 





- 


C 


-. 


t WHZ 


WE to Output in High-Z 





10 





15 





15 


tDS 


Data Set Up Time 


10 


- 


15 


- 


20 


- 


tDH 


Data Hold Time 





- 





- 





- 



'cc 



A.C. TEST CONDITIONS 



Input Pulse Levels 


3.0V/0.0V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 
Reference Levels 


2.0V/0.8V 


Output Load 


See Fig.l 



i,-o rn; o 



30pF i 



5ion 



3oon 



rfr r+r 
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TMM2068AD-25, TMM2068AD-35 
TMM2068AD-45 



TIMING WAVEFORMS 
READ CYCLE 1. (WE=V 1H , CS=Vil) 



ADDRESSES 



D OUT 



>i 



X ACC 



X F.C 



Xt 



-CH 



OUTPUT DATA VALID 



READ CYCLE 2. (U'E=Vi H ) 



^OUT 



SUPPLY I cc 
CURRENT IsB 



■CO 



x ChZ 



tpu 



T 



tpc 



^CHZ 



OUTPUT DATA VALID 



> 



X PD 



X 



WRITE CYCLE 1. 



ADDRESSES ^ 


L >^ 






x cv 








«■ ^^ 


fev 


//////////////A 




T 

X AS , 


t^p 




tWR 






"] 




/ 






weT 


K\\ 




pWKZ 1 


HIGH IMPEDANCE 


"tWLZ > 


^ W$$%# 


<>0<><><>(><><^>^6^^^ 




^ * l/^XX 


XK>$<XXX>\W^ 






xX/* 






l DS 


tDH 










E IN 




~^< 


DATA IN STABLE 


>d 
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WRITE CYCLE 2. 



TMM2068AD-25, TMM2068AD-35 
TMM2068AD-45 



ADDRESSES 



cs 



*AS 



He 



■tew 



WE 



D OUT 



i>ik 



<mss>^^ 



X WP 



tWB 



V////////////A. 



l VIHZ 



> 



HIGH IMPEDANCE 



X 



tps 



r DH 



DATA 111 STABLE 



K 



Note 1. In read cycle 2, all addresses are valid prior to or coincident with 
CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TMM2068AD-25, TMM2068AD-35 
TMM2068AD-45 



OUTLINE DRAWINGS 



20 

n r— i 


n i— i f— i n n n i—i 


n 
n 






r-" 


i 


u uu u uuu 


u 

10 






Unit in mm 




ao±Q£ 



+ Q1 

azs-aos 



e.e ~- i o.o 



Note: Each lead pitch is 2.54mm. 

Al] leads are located within 0.25mm of their longitudinal position with 
respect to No.l and No. 20 leans. 
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TOSHIBA MOS MEMORY PRODUCT 



4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 



TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 



The TMM2068AP is a 16,384 bits high speed and low power static random access memory 

organized as 4,096 words by 4 bits and operates from a single 5V supply. 

Toshiba's high performance device technology provides both high speed and low power 

features with a maximum access time of 25ns/35ns/45ns and maximum operating current 

of 135/120/120mA. When CS goes high, the device is deselected and placed in a low 

power standby mode in which maximum standby current is 20mA. 

Thus the TMM2068AP is most suitable for us in cache memory and high speed storage. 

The TMM2068AP is offered in a 20 pin standard plastic package with 0.3 inch width for 

high density assembly. 

The TMM2068AP is fabricated with ion implanted N channel silicon gate MOS technology 

for high performance and high reliability. 



FEATURES 

• Fast access time 

tACC=25ns: TMM2068AP-25 
tACC=35ns: TMM2068AP-35 
t ACC =45ns: TMM2068AP-45 

• Low power dissipation 

ICC=135mA: TMM2068AP-25 
I cc =120mA: TMM2068AP-35 
I cc =120mA: TMM2068AP-45 
Igg=20mA 

• Single 5V power supply 

• Fully static operation 



PIN CONNECTION 



All inputs and outputs: Directly TTL compatible 

Power down feature : CS=Vih 

Three state outputs 

Inputs protected: All inputs protection aganist 

static charge. 
Package: 20 pins standard plastic package, 
0.3 inch width. 



BLOCK DIAGRAM 



A7 C 1 

A6 C 2 

A5C 3 

A4 C 4 

A3 C 5 

A2 C 6 

Al C -7 

A0 C 8 

CS C 9 

ONDC 10 



20 3 V CC 

19 DA8 
18 IJA9 
17 3A10 
16 3 All 
15 3 1/01 
14 3 1/02 
13 D 1/03 
12 31/04 
11 DWE 



A6 0- 
A7 o-H2E 



■fe: 

A9 O-f-te 

AlOO- 



AllO- 



-fe: 



-£?= 



CELL ARRAY 
(128X32X4) 



VCC 
QND 



(TOP VIEW) 



I/01O- 
I/0 2O- 



1/0 3 O- 
1/0 4 0- 



PIN NAMES 



AO ^All 


Address Inputs 


1/01 %I/04 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


v C c 


Power (+5V) 


GND 


Ground 



*^ 



1*3 



s 



^ 



CSq. 
S^O- 



COLUMN I/O 
CIRCUIT 



COLUMN 
DECODER 




*^ 



*3 



*^: 



<^: 



AO Al A2 A3 A4 



3D- 1 

!=D- 
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TMM2068AP-25, TMM2068AP-35 
TMNI2068AP-45 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Power Supply Voltage 


-3.5^7.0 


V 


VlN 


Input Voltage 


-3.5^7.0 


V 


Vl/O 


Input/Output Voltage 


-3.5^7.0 


V 


T opr 


Operating Temperature 


0^70 


°C 


T stg 


Storage Temperature 


-55 ^150 


°C 


^solder 


Soldering Temperature • Time 


260 • 10 


°Csec 


PD 


Power Dissipation 


1.0 


W 


I OUT 


D.C. Output Current 


20 


mA 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-3 . 0* 


- 


0.8 


V 


v C c 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



Pulse Width: 10ns, DC: -0.5V (Min.) 



D.C. CHARACTERISTICS (Ta=0^70°C, V C c=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


MAX. 


UNIT 


IlL 


Input Current 


V IN =0 ^Vcc 


- 


±1.0 


uA 


VOH 


Output High Voltage 


Ioh = -4 • 0mA 


2.4 


- 


V 


V 0L 


Output Low Voltage 


T OL =8.0mA 


- 


0.4 


V 


x LO 


Output Leakage Current 


^ OUT =o^v C c, cs=v IH 


- 


±1.0 


yA 


ice 


Operating Current 


cs=v IL 


-25 


- 


135 


mA 


-35 


- 


120 


-45 


- 


120 


I SB 


Standby Current 


CS=V IH 


- 


20 


mA 


I SBP 


Peak Power-on Current 


CS=V CC , V CC =0^5.5V 


- 


40 


mA 



CAPACITANCE* (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


v IN =ov 


8 


pF 


C OUT 


Output Capacitance 


V UT=0V 


8 



* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 



A.C. CHARACTERISTICS (Ta-0 t70 o C, V C c=5VilO%) 
Read Cycle 



SYMBOL 


PARAMETER 


TMM2068AP-25 


TMM2068AP-35 


TMM2068AP-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


25 


- 


35 


- 


A5 


- 


ns 


t ACC 


Address Access Time 


- 


25 


- 


35 


- 


45 


c CO 


Chip Select Access Time 


- 


25 


- 


35 


- 


45 


tCLZ 


Chip Selection to Output in 
Low-Z 


5 


- 


5 


- 


5 


- 


tCHZ 


Chip Deselection to Output 
in High-Z 





15 





20 


- 


20 


c OH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


tpu 


Chip Selection to Power Up 
Time 





- 





- 





- 


tPD 


Chip Deselection to Power 
Down Time 


- 


20 


- 


30 


- 


30 


Write Cycle 


SYMBOL 


PARAMETER 


TMM2068AP-25 


TMM2068AP-35 


TMM2068AP-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


tew 


Chip Selection to End of 
Write 


20 


- 


30 


- 


40 


- 


C AS 


Address Set Up Time 





- 





- 





- 


tVJP 


Write Pulse Width 


20 


- 


30 


- 


35 


- 


11 UR 


Write Recovery Time 





- 





- 





- 


HlLZ 


WE to Output in Low-Z 





- 





- 





- 


tWHZ 


WE to Output in High-Z 





10 





15 





15 


C DS 


Data Set Up Time 


10 


- 


15 


- 


20 


- 


t DH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 



Input Pulse Levels 


3.0V/0.0V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 
Reference Levels 


2.0V/0.8V 


Output Load 


See Fig.l 



I/O PIN O- 



30 pP sis 



5ion 



•30 on 



Fig.l OUTPUT LOAD 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 



TIMING WAVEFORMS 

READ CYCLE 1. (WE=V IH , CS=V IL ) 



ADDRESSES 



D OUT 



x; 



fc RC 



tACC 



X 



-OH 



OUTPUT DATA VALID 



READ CYCLE 2. (WE=V IH ) 






\ 






tRC 




/ 


















too 








1- „ I 




tCLZ 1 




tCHZ | 










"™ ""'jQfySftfiK/ 


OUTPUT DATA VALID 


>- 


D OUT 










tpu 






tpD 






*■ ' 




SUPPLY I CC 
CURRENT Igc; 




/ 


/ 








i 



WRITE CYCLE 1. 



ADDRESSES 



x: 



^M ^V 



WE 



D OUT 



din 



twc 



x 



-cw 



V/////////// //M 




t WP 



HIQH IMPEDANCE 



C DS 



y 



C WR 



tWLZ 



fc DH 



DATA IN STABLE 



X 
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WRITE CYCLE 2. 



TMM2068AF-25, TMM2068AP-3S 
TMM2068AP-45 













twc 






















X 




ADDRESSES 


X 

tAS 








1. 










%R 










J" 












-k 






/ 




CS 










. 












t TO 










^«M^ 




W//////////A 


WE 














t WHZ. 
















\ 






/ 




tDS 




C DH 
















* 


>< 




Din 










X 1 




DATA IN 


STABLE 


/ 





Note 1. In read cycle 2, all addresses are valid prior to or coincident with 
CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 



OUTLINE DRAWINGS 



I 


20 11 

ni — ii — ii — ii — ii — ii — ii — ii — in 




Unit in mm 


) 


i 

< 
S 




uuuuuuuuuu 

1 10 

24. 6 MAX . 






E4TYP. 






Ul ' ' ' 

0.51MIN 


u 




I 






J k 


TT 


\\\i □ 


M 


V I 

2.54 ± 0.2 


1 




j \ 
J 


AAA 

1/ V 

0.5 ±0.15 


J 


0.2 5_ 005 __ 






1.410.15 
















Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal position 
with respect to No.l and No. 20 leads. 
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TOSHIBA NIOS MEMORY PRODUCT 



4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 



TMM2078AD-25, TMM2078AD-35 
TMM2078AD-45 



IdescriptionI 

The TMM2078AD is a 16,384 bits high speed and low power static random access 
memory organized as 4,096 words by 4 bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 135mA/120mA/120mA When C~S" goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 

Thus the TMM2078AD is most suitable for use in cache memory and high speed storage. 
The TMM2078AD is offered in a 22 pin standard cerdip package with 0.3 inch width 
for high density assembly. 

The TMM2078AD is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 



1FEATURESI 



Fast access time 

t ACC =25ns: TMM2078AD-25 
t ACC =35ns: TMM2078AD-35 
t ACC =45ns: TMM2078AD-45 

Low power dissipation 
ICC= 135mA: TMM2078AD-25 
ICC=120mA: TMM2078AD-35 
ICC= 120mA: TMM2078AD-45 
ISB=20mA 

Single i>V power supply 



IP-IN CONNECTION! 



A7£ 1 
A6£ 2 
AoC 3 

A3£ 5 
A2C 6 

a:c ? 

ACC 8 
CSC 9 



GELT 10 



0NDQ 



\y 



ii 



22 3 V CC 
21 3 A8 
20 3 A9 
19 3 A10 
18 J All 
17 3 N.C. 
16 3 1/01 
15 3 1/02 
14 3 1/03 
13 J 1/04 
12 3 WE 



Fully static operaion 
All inputs and outputs 

Directly TTL Compatible 
Power down feature: CS=VlH 
Output buffer control: OE 
Three state outputs 
Inputs protected: All inputs protection against 

static charge. 
Package: 22 pins standard cerdip package, 0.3 inch 
width 



IBLOCK DIAGRAM 
cs — -t 



o v cc 



O QND 



PIN NAMESI 


Aq-Ah 


Address Inputs 


I/Oi-I/04 


Data Input/Output 


£5 


Chip Select Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


v cc 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 




CEO 
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TMM2078AD-25, TMM2078AD-35 
TMM2078AD-45 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power Supply Voltage 


-3.5-7.0 


V 


VIN 


Input Voltage 


-3.5-7.0 


V 


vi/o 


Input/Output Voltage 


-3.5-7.0 


V 


T opr 


Operating Temperature 


0-70 


°C 


Tstg 


Storage Temperature 


-55-150 


°C 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°Csec 


PD 


Power Dissipation 


0.9 


W 


lOUT 


D.C. Output Current 


20 


mA 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VIH 


Input High Voltage 


2.0 


_ 


vcc+i.o 


V 


VIL 


Input Low Voltage 


-3.0* 


_ 


0.8 


V 


vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 



* Pulse Width: 10ns, DC: -0.5V(MIN.) 



D.C. CHARACTERISTICS (Ta=0-70°C, Vcc=5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


HL 


Input Current 


VlN=0-Vcc 


_ 


±1.0 


yA 


VOH 


Output High Voltage 


IOH=-A.OmA 


2.4 


- 


V 


vol 


Output Low Voltage 


IOL=8.0mA 


_ 


0.4 


V 


iLd 


Output Leakage Current 


V0UT=0-VCC, CS=Vih 


- 


±1.0 


UA 


ice 


Operating Current 


C5=Vil 


-25 


- 


135 


mA 


-35 


- 


120 


-45 


- 


120 


ISB 


Standby Current 


CS=Vih 


- 


20 


mA 


ISBP 


Peak Power-on Current 


CS=VCC. VCC=0-5.5V 


- 


40 


mA 



CAPACITANCE* (Ta=25°C, f-lMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin=0V 


8 


P F 


COUT 


Output Capacitance 


VoUT=OV 


8 



* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2078AD-25, TMM2078AD-35 
TMM2078AD-45 



A.C. CHARACTERISTICS (Ta-O-70'C. Vcc-5V±10X) 
READ CYCLE 



SYMBOL 


PARAMETER 


TMM2078AD-25 


TMM2078AD-35 


TMM2078AD-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


C ACC 


Address Access Time 


- 


25 


- 


35 


- 


45 


c CO 


Chip Select Access Time- 


- 


25 


- 


35 


- 


45 


c OE 


Output Enable to Output Valid 


- 


15 


- 


20 


- 


20 


C CLZ 


Chip Selection to Output in Low-Z 





- 





-• 


5 


- 


C CHZ 


Chip Deselection to Output in 
High-Z 


- 


15 


- 


20 


- 


20 


c OLZ 


Output Enable to Output in Low-Z 





- 





- 





- 


c OHZ 


Output Disable to Output in High-Z 


- 


10 


- 


15 


- 


15 


c OH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


C PU 


Chip Selection to Power Up Time 





- 





- 





- 


tpD 


Chip Deselection to Power Down 
Time 


- 


20 


- 


30 


- 


30 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TMM2078AD-25 


TMM2078AD-35 


TMM2078AD-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


C CW 


Chip Selection to End of Write 


20 


- 


30 


- 


40 


- 


C AS 


Address Set Up Time 





- 





- 





- 


C WP 


Write Pulse Width 


20 


- 


30 


- 


35 


- 


C WR 


Write Recovery Time 





- 





- 





- 


C WLZ 


WE to Output in Low-Z 





- 





- 





- 


C WHZ 


WE to Output in High-Z 


- 


10 


- 


15 


- 


15 


tDS 


Data Set Up Time 


10 


- 


15 


- 


20 


- 


C DH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 



Input Pulse Levels 


3.0V/0.0V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 
Reference Levels 


2.0V/0.8V 


Output Load 


See Fig.l 



I/O PINO- 



30pF± 



510Q 



i 



300Q 



rrr 
Fig.l Output Load 
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TMM2078AD-25, TMM2078AD-35 
TMM2078AD-45 

TIMING WAVEFORMS 

READ CYCLE 1. .(WE-Vih. U5=Vil) 



Add, 



x: 



x 



x 



t OE 



t OLZ 



J OUT 



tOHZ 




c OH. 



OUTPUT DATA VALID 



READ CYCLE 2. (WE=Vih, OE=Vil) 

1 bc 



D OUT 



SUPPLY Ice 
r SB 



t CO 



tCLZ 



-PU 



CURRENT 



tCHZ 



OUTPUT DATA VALID 



> 



tPD 



\ 



WRITE CYCLE 1. 



Add 



x: 



* ■ «m . 



WE 



y//////////// 



J OUT 



'IN 




t CW 




tffT 



/ 



HIGH IMPEDANCE 



X 



^DS 



X 



*WR 



'^M 



r OLZ 



C WLZ 



-DH 



DATA IN STABLE 



X 



C-30 - 



WRITE CYCLE 2. 



TMM2078AD-25. TMMZ078AD-35 
TMM2078AD-45 



Add . 



WE 



s 



XI 



X 



twc 



tew 



t w p 



/ 



C WR 



X 



V/ 



^m^ 



-OUT 



din 



tWHZ 



tQHZ 



> 



HIGH IMPEDANCE 



X 



C DS 



-DH 



DATA IN STABLE 



X 



Note: 

1. In read cycle 2, all addresses are valid prior to or coincident with 
CE transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 



22 21 20 19 18 17 16 15 14 13 12 

, rpr|irtimrtirririnr{nfTirt-ir^ 



) 



ljJLJJLJJLijl4JL|JL}jl4Jl4JLiJL4J 

12 34 5 67 89 10 11 



2E9MAX 



Unit in mm 




a4±0.2 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their longitudinal position with respect to No.l and No. 22 
leads. 
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TOSHIBA MOS MEMORY PRODUCT 



8,1 92 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM2088P-35, TMM2088P-45 
TMM2088P-55 



DESCRIPTION 



The TMM2088P is a 65,536 bits high speed N-channel silicon gate MOS static random 
access memory organized as 8,192 words by 8 bits and operates from a single 5-volt 
supply. The TMM2088P is features an automatic stand-by mode when deselect by CS1 
signal. Thus the TMM2088P is suitable for use in cache memory and high speed storage. 
The TMM2088P is offered in a 28 pin standard plastic dual in-line package with 0.3 inch* 
width for high density assembly. 



FEATURES 



Access Time and Current 



Inputs Protected: 



Parameter 
Part 
Number 



TMM2088P-35 



TMM2088P-45 



TMM2088P-55 



Access 

Time 

(MAX.) 



35ns 



45ns 



55ns 



Operating 

Current 

(MAX.) 



135mA 



135mA 



135mA 



Standby 

Current 

(MAX.) 



15mA 



15mA 



15mA 



(All inputs have 
Protection against 
static charge.) 



BLOCK DIAGRAM 



• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature: (CSl) 

• Output Buffer Control: (OE) 

• Three State Outputs 

• All Inputs and Outputs: 

(Directly TTL Compatible) 



MSB 



A12( 



CLOCK 
GENERATOR 

_J L 



PRECHARQE 
CIRCUIT 



ww _ 
^ c w ~ & o 

O R D "1 r^M 



MEMORY CELL 

ARRAY 

256X32X8 

( 65536 ) 



-o Vcc 



-O QND 



PIN CONNECTION 



N.C. £ 


1 v. 


■S 28 


^vcc 


A12C 


2 


27 


3WE 


A7C 


3 


26 


DCS2 


A6C 


4 


25 


DA8 


A5E 


5 


24 


DA9 


A4-C 


6 


23 


DA11 


A3C 


7 


22 


DOE 


A2C 


8 


21 


3A10 


A1C 


9 


20 


3CS1 


AOC 


10 


19 


3L/08 


I/OIC 


11 


18 


31/07 


I/02 C 


12 


17 


3 1/06 


1/03 C 


13 


16 


DI/05 


ONDC 


14 


15 


DI/04 



PIN NAMES I 


AO ^ A12 


Address Inputs 


WE 


Write Enable Input 


OE 


Output Enable Input 


CSl, CS2 


Chip Select Inputs 


1/01^1/08 


Data Input/Output 


vcc 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 




<t>- J 



I OPERATION MODE 




















MODE 


CSl 


CS2 


OE 


WE 


1/01 ^8 


Power 


Write 


L 


H 


* 


L 


In 


Active 


Read 


L 


H 


L 


H 


Out 


Active 


Standby 


H 


* 


* 


* 


High-Z 


Standby 


Standby 


L 


L 


* 


* 


High-Z 


Active 


Output Buffer 
Disable 


L 


H 


H 


H 


High-Z 


Active 
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TMM2088P-35, TMM2088P-45 
TMM2088P-55 



MAXIMUM RATINGS 








SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Power Supply Voltage 


-3.5 ^7.0 


V 


V IN> v OUT 


Input Output Voltage 


-3.5 'W.O 


V 


Topr. 


Operating Temperature 


0*70 


°C 


T stg. 


Storage Temperature 


-55 ^150 


°C 


^solder 


Soldering Temperature 


• Time 


260 • 10 


°C.sec 


PD 


Power Dissipation (Ta= 


70°C) 


1.0 


W 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0^70°C) 






SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


v cc +i.o 


V 


VlL 


Input Low Voltage 


-3.0* 


- 


0.8 


V 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 



* Pulse Width: 10ns, DC: -0.5V (Min.) 



D.C. CHARACTERISTICS (Ta=0^70 c C, V C c=5.0V±10%) 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0V^5.5V 


-1.0 


1.0 


UA 


I OH 


Output High Current 


V 0H =2.AV 


-4.0 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


8.0 


- 


mA 


lLO 


Output Leakage Current 


CSl=V IH or CS2=V IL or WE=V IL 
or OE=Vih, VoUT =0v ^5 . 5V 


-1.0 


1.0 


yA 


I SBP 


Peak Power-on Current 


CSl=V C c, CS2=0V, I OU T=0mA 


- 


30 


mA 


X SB 


Standby Current 


CS1=VIH, I O UT=0mA 


- 


15 


mA 


ice 


Operating Current 


CSl=V ILf I O UT=0mA 


- 


135 


mA 



CAPACITANCE* (Ta=25°C, f=1.0MHz)| 


• 




SYMBOL 


PARAMETER 


CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


v IN =ov 


8 


PF 


COUT 


Output Capacitance 


Vi N =0V 


10 


pF 



* Note: This parameter is periodically sampled and is not 100% tested, 
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TMM2088P-35, TMM2088P-45 
TMM2088P-55 



A.C. CHARACTERISTICS (Ta=0'WO' , C, Vcc=5V±10%) 

READ CYCLE 



SYMBOL 


PARAMETER 


TMM2088P-35 


TMM2088P-4 5 


TMM20 88P-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


C ACC 


Address Access Time 


- 


35 


- 


45 


- 


55 


tcoi 


CS1 Access Time 


- 


35 


- 


45 


- 


45 


t C02 


CS2 Access Time 


- 


25 


- 


25" 


- 


30 


t OE 


OE Access Time 


- 


20 


- 


20 


- 


25 


tOH 


Output Data Hold Time from Address 
Change 


5 


- 


5 


- 


5 


- 


tCLZ 


Output Enable Time from CSl or CS2 





- 


5 


- 


5 


- 


tCHZ 


Output Disable Time from C5I or CS2 


- 


20 


- 


20 


- 


20 


t OLZ 


Output Enable Time from OE 





- 





- 





- 


tOHZ 


Output Disable Time from OE 


- 


15 


- 


15 


- 


20 


tpu 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to POwer Down Time 


- 


30 


- 


30 


- 


30 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TMI/20 88P-35 


TMM2088P-45 


TMM2088P-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


C CW 


Chip Selection to End of Write 


30 


- 


40 


- 


50 


- 


tAS 


Address Set Up Time 





- 





- 





- 


'WP 


Write Pulse Width 


25 


- 


35 


- 


45 


- 


tWR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


15 


- 


20 


- 


20 


- 


tDH 


Data Hold Time 










- 





- 


C WLZ 


Output Enable Time from WE 





- 





- 





- 


tWHZ 


Output Disable Time from WE 


- 


15 


- 


15 


- 


20 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.0^3.0V 


Input Rise and Fall Time 


5ns 


Input and Output Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



Fig. 1 



I/O Pino — r- 



v C c 



X30pF 



5ion 



30on 
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TMM2088P-35, TMM2088P-45 
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ITIMING WAVEFORMS! 
READ CYCLE (1) 



ADDRESSES 



CS2 



IX 



-RC 



MJ£ 



'COl 



■tQE 




K 



t OH 



v\\\\\\\\\\\\\\\w 



"tcHzfe) 



■H 



t CHZ (5) 



t 0HZ (5) 



OUTPUT DATA VALID 



UNKNOWN 



WRITE CYCLE 1 (A) (WE Controlled Write) 

t wc 



ADDRESSES 



WE 



IX 



CS2 



CS1 



J OUT 



J IN 



X 



-AS 



X WP 



^m, / 



t WHzfe) 



t CW 



t CW 



(2) 



High 
Impedance 



"tDS 



C WR 



■twLzfc) 



C DH 



V DATA IN STABLE Y 



z 



— C-36 - 
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WRITE CYCLE 2 (4) (C"Sl Controlled Write) 

t wc 



ADDRESSES 



WE 



X 



xWWWWWWWWY J M//I////M 



CS2 



CS1 



D OUT 



whd^ 



m 



tcLZ^ 5 ) 



tew 



-cw 



/ 



t WHzfe) 



t WR 



X 



High Impedance 



-DH 



Y DATA IN STABLE Y 



WRITE CYCLE 3 (A) (CS2 Controlled Write) 



L 



mm> 



D wc 



ADDRESSES 



X 



X 



xwwwwwwww . 



CS2 



CS1 



mm. 



xWWWWWW 



t CLz( 5 ) 



'CW 



:s. 



■tew 



J OUT 



J IN 



t WHz( 5 ) 



C DS 



High Impedance 



: DH 



Vdata IN STABLE V 
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TMM2088P-35, TMM2088P-45 
TMM2088P-55 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CS1 Low transition or CS2 High transition occurs coin- 
cident with or after WE Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CS1 High transition or CS2 Low transition occurs coin- 
cident with or prior to WE High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the 
load shown in Fig. 1. 



< A ) tCLZ* t OLZ» tWLZ 
( B ) fc CHZ» t OHZ» fc WHZ 



Output Enable Time 
Output Disable Time 



CSl.OE 



WE,CS2 



D OUT 



\ 



/ 



(A) 



High Impedance 



m 



-th 



.15V 
0.15 V 



-ft- 



J 



\ 




0J.5V 

High Impedance 

025 V 
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DIP 28 PIN OUTLINE DRAWING 



TMM2088P-35, TMM2088M5 
TMM2888P-55 



Unit in mm 



28 



15 



tzt 

'14 




7.6 2 ±0.2 5 



*J 1 



ft 



, + 0.1 
'-0.0 5 




0-15° 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



8,1 92 WORD X 9 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM2089C-35 
TMM2089C-45 
TMM2089C-55 



DESCRIPTION 

The TMM2089C is a 73,728 bits high speed N- 
channel silicon gate MOS static random access 
memory organized as 8,192 words by 9 bits and 
operates from a single 5-volt supply. The 
TMM2089C is features an automatic stand-by mode 
when deselect by CS1 signal. Thus the TMM2089C 

FEATURES 

o Access Time and Current 



PRELIMINARY 



is suitable for use in cache memory and high speed 
storage. The TMM2089C has nine I/O terminals, 
therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089C is offered is a 28 pfn 
standard ceramic dual in-line package with 0.3 inch 
width for high density assembly. 



^\^^ Parameter 
Part ^""~\ 
Number ^"\^ 


Access 

Time 

(MAX.) 


Operating 
Current 
(MAX.) 


Standby 
Current 
(MAX.) 


TMM2089C-35 


35ns 


135mA 


15mA 


TMM2089C-45 


45ns 


135mA 


15mA 


TMM2089C-55 


55ns 


135mA 


15mA 



All Inputs and Outputs: (Directly TTL Corpatible) 
Inputs Protected : (All inputs have protection 
against static charge.) 

BLOCK DIAGRAM 



o Single 5V Power Supply 

o Fully static Operation 

o Power Down Feature : (CSJ ) 
o Output Buffer Control : (OE) 
o Three State Outputs 



PIN CONNECTION 



A8c 

A7 C 

A6 C 

A5 C 

A4 C 

A3 C 

A2 C 

Alt 8 

AO C 9 
i/Ol C io 
1/02 C 11 
1/03 C 12 
1/04 ^13 
QND c 14 



(TOP VIEW) 



15 



28aVc C 
27 3WE 
26 3CS2 
25 DA9 
24 3A10 
23 3A11 
22 30E 
21 3A12 

20 3 csT 

19 D l/09 
18 3i/08 
17 31/07 
16 3 l/06 



'1/05 




CSIO 



PIN NAMES 



OPERATION MODE 



A ~A 12 


Address Inputs 


CST.CS2 


Chip Select Inputs 


wT 


Write Enable Input 


1/01-1/09 


Data Input/Output 


oT 


Output Enable Input 


Vcc 


Power ( + 5V) 


GND 


Ground 



MODE 


CS1 


CS2 


OE 


WE 


1/01-9 


Power 


Write 


L 


H 


* 


L 


In 


Active 


Read 


L 


H 


L 


H 


Out 


Active 


Standby 


H 


* 


* 


* 


High-Z 


Standby 


Standby 


L 


L 


* 


* 


High-Z 


Active 


Output Buffer 
Disable 


L 


H 


H 


H 


High-Z 


Active 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-3.5-7.0 


V 


VlN, VoUT 


Input Output Voltage 


-3.5-7.0 


V 


T opr. 


Operating Temperature 


0-70 


•c 


Tstg. 


Storage Temperature 


-55-150 


•c 


Tnolder 


Soldering Temperature. -Time 


260-10 


'C-sec 


Pd 


Power Dissipation (Ta = 70°C) 


1.0 


W 



D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-3.0 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.50 


5.00 


5.50 


V 



* Pulse width : 10ns, DC: -0.5V (Min.) 



D. C. CHARACTERISTICS; (Ta^O-70'C, Vcc = 5.0V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0V~5.5V 


-1.0 


1.0 


,iA 


l0H 


Output High Current 


V 0H = 2.4V 


-4.0 


- 


mA 


IOL 


Output Low Current 


Vol=0.4V 


8.0 


- 


mA 


Ilo 


Output Leakage Current 


CST=Vih or CS2=Vil or WE=Vil or OE=Vih, 
V0UT=0V~5.5V 


-1.0 


1.0 


U A 


ISBP 


Peak Power-on Current 


CST=Vcc, CS2=0V, louT=OmA 


- 


30 


mA 


ISB 


Standby Current 


CS1=Vih, louT = OmA 


- 


15 


mA 


Ice 


Operating Current 


CS1=Vil, louT=OmA 


- 


135 


mA 



CAPACITANCE * (Ta = 25'C, f=1 .0MHz) 



SYMBOL 


PARAMETER 


CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin=0V 


8 


PF 


COUT 


Output Capacitance 


Vin = 0V 


10 


PF 



* Note : This parameter is periodically sampled and is not 100% tested. 
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A. C. CHARACTERISTICS 
READ CYCLE 



(Ta = 0~70-C, Vcc = 5V±10%) 



SYMBOL 


PARAMETER 


TMM2089C-35 


TMM2089C-45 


TMM2089C-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


tACC 


Address Access Time 


- 


35 


- 


45 


- 


55 


tcoi 


CS1 Access Time 


- 


35 


- 


45 


- 


45 


tC02 


CS2 Access Time 


- 


25 


- 


25 


- 


30 


tOE 


OE Access Time 


- 


20 


- 


20 


- 


25 


tOH 


Output Data Hold Time from Address 
Change 


5 


- 


5 


- 


5 


- 


tCLZ 


Output Enable Time from CSTor CS2 





- 


5 


- 


5 


- 


tCHZ 


Output Disable Time from CSTor CS2 


- 


20 


- 


20 


- 


20 


tOLZ 


Output Enable Time from OE 





- 





- 





- 


tOHZ 


Output Disable Time from OE 


- 


10 


- 


10 


- 


15 


tpu 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Dowen Time 


- 


30 


- 


30 


- 


30 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM2089C-35 


TMM2089C-45 


TMM2089C-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


tew 


Chip Selection to End of Write 


30 


- 


40 


- 


50 


- 


Us 


Address Set Up Time 





- 





- 





- 


twp 


Write Pulse Width 


25 


- 


35 


- 


45 


- 


tWR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set UP Time 


15 


- 


20 


- 


20 


- 


tDH 


Data Hold Time 





- 





- 





- 


tWLZ 


Output Enable Time from WE 





- 





- 





- 


tWHZ 


Output Disable Time from WE 


- 


10 


- 


10 


- 


15 



AC. TEST CONDITIONS 



Input Pulse Levels 


3.0V/0.0V 


Input Rise and Fall Time 


5ns 


Input and Output Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



I/O PINO- 



30PF:± 



•510Q 



:300Q 



7fr. 

Fig.l Output Load 
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TIMING WAVEFORMS 

• READ CYCLE (1) 



tRc 



ADDRESSES 



CS2 



C*ST 



DqUT 




"^ 



— H UNKNOWN 



• WRITE CYCLE 1 (4) (WE Controlled Write) 

twc 

ADDRESSES 



X 



WE 



£ 



u OUT 



l AS 



&. / 



w. 



m\ 



t WH Z (5) 



t w p 



tew 



tew 



High 
Impedance 



tDS 



tWR 



21 



X 



t WL z(5) 



C DH 



V.DATA IN STABLE V 



(3) 
AiJL 
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• WRITE CYCLE 2 (4) (CS1 Controlled Write) 



ADDRESSES 



WE 



£ 



CS2 



CS1 



J OUT 



-WC 



X 



X 



t AS 



mar. 



w 



t C Lz(5) 



t WP 



111 



tew 



tew 



tWHZ ( 5 > 



7 



t WR 



High Impedance 



: DH 



V DATA IN STABLE Y 



z 



o WRITE CYCLE 3 (4) (CS2 Controlled Write) 

two 

ADDRESSES 



X 



£ 



— . JL 



CS2 



£W_ 



m\\\\\m\\\\\\ : 



t C Lz( 5 > 



D OUT 



t W p 



tew 



tew 



%HZ< 5 ) 



tDS 






x 



High Impedance 



DH 



Y DATA IN STABLE Y 



m 
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NOTE: 

1. WE is High for Read Cycle. 

2 . Assuming that CS 1 Low transition or CS2 High transition 
occurs coincident with or after WE Low transition, Out- 
puts remain in a hig h impedance state. 

3 . Assuming that CS 1 Hight transition or CS2 Low transition 
occurs coincident with or prior to WE High transition, 
Outputs remain is a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in 
high impedance state during this period. 

5. These parameters are specified as follows and measured 
by using the load in Fig. 1 . 



(A) tcLz.toLZ, twiz Output Enable Time 

(B) tcHz, toHz, twHz Output Disable Time 



CSl.OE 



WE.CS2 



^OUT 



\ 



/ 



(A) 



High Impedance 



/ 



\ 



. (fl J 



"0.15 V 
"0.15V 



= 0.15V 
High Impedance 



=0.1 5 V 
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OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 



) 



■—«■—» r-i r-i i= t 






1 2 3 4 5 6 7 8 9 10 11 12 13 14 



TMM2089C-35, TMM2089C-45 
TMM2089C-55 



Unit: mm 



3 8.0 MAX 




2.5 4 TCP. 0.4 6± 0.1 1.2 7 ±0.1 



7.62 ±0.25 








jt 5 








j 




II +0.1 
|| Q25-0.05 


■H 




8.0 - 9.0 





Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal position with respect to No.1 and No. 28 leads. 
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Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



8,1 92 WORD X 9 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM2089P-35, TMM2089P-45 
TMM2089P-55 



DESCRIPTION 



The TMM2089P is a 73,7?S bits high speed N-channel silicon gate MOS static random 
access memory organized as "3,192 words by 9 bits and operates from a single 5-volt 
supply. The TMM2089P is features an automatic stand-by mode when deselect by CS1 
signal. Thus the TMM2089P is suitable for use in cache memory and high speed storage. 
TheTMM2089P has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089P is offered in a 28 pin standard plastic dual in-line 
package with 0.3 inch width for high density assembly. 



FEATURES 



Access Time and Current 



^^Parameter 
Part \. 
Number ^^\ 


Access 
Time 
(MAX . ) 


Operating 
Current 
(MAX.) 


Standby 

Current 

(MAX.) 


TMM2089P-35 


35ns 


135mA 


15mA 


TMM2089P-45 


45ns 


135mA 


15mA 


TMM2089P-55 


55ns 


135mA 


15mA 



Inputs Protected: 



(All inputs have 
protection against 
static charge.) 



BLOCK DIAGRAM 



Single 5V Power Supply 
Fully Static Operation 
Power Down Feature: (CS1) 
Outpot Buffer Control: (OE) 
Three State Outputs 
All Inputs and Outputs: 
(Directly TTL Compatible) 



CLOCK 
GENERATOR 



PIN CONNECTION 



A8C 

A7C 

A6C 

A5C 

A4C 

A3C 

A2C 

A1C 

AOC 

I/O] c 

1/0 2 C 

1/0 3 C 

1/0 4 C 



QNDC 14 



\y 



23 
22 
21 
20 
19 
18 
17 
16 
15 



|V C 



28 3 _ 
27 3 WE 
26 3CS2 
25 3A9 
24 3A10 
3A11 
HOE 
3 A12 

3csT 

31/0 9 
31/0 8 
31/0 7 
3>/0 6 
31/0 5 



A12t 



m , - 

Sa - 

o a a 



PRECHARQE 
CIRCUIT 

I I 



MEMORY CELL 

ARRAY 

256 v 32^9 

(73728 ) 



PIN NAMES I 








AO ^A12 


Address Inputs 


WE 


Write Enable Input 


OE 


Output Enable Input 


CS1, CS2 


Chip Select Inputs 


1/01 ^1/09 


Data Input/Output 


v C c 


Power (+5V) 


GND 


Ground 




OPERATION MODE| 


















MODE 


CS1 


CS2 


OE 


WE" 


1/01 ^9 


Power 


Write 


L 


H 


* 


L 


In 


Active 


Read 


L 


H 


L 


K 


Out 


Active 


Standby 


H 


* 


ie 


i< 


High-Z 


Standby 


Standby 


L 


L 


JU 


?V 


High-Z 


Active 


Output Buffer 
Disable 


L 


H 


H 


H 


High-Z 


Active 
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MAXIMUM RATINGS] 






SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Power Supply Voltage 


-3.5 ^7.0 


V 


VIN, VOUT 


Input Output Voltage 


-3.5 0,7.0 


V 


Topr. 


Operating Temperature 


'WO 


°C 


T stg. 


Storage Temperature 


-55 ^150 


°C 


^solder 


Soldering Temperature • Time 


260 • 10 


°Osec 


?D 


Power Dissipation (Ta=70°C) 


1.0 


W 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0 ^ 70°C) | 




SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


V CC +1.0 


V 


VlL 


Input Low Voltage 


-3.0* 


- 


0.8 


V 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 



Pulse Width: 10ns, DC: -0.5V(Min.) 



D.C. CHARACTERISTICS (Ta=CW0 c C, 


Vcc=5.0V±10%) | 
















SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0V^5.5V 


-1.0 


1.0 


UA 


iOH 


Output High Current 


V OH =2.4V 


-4.0 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


8.0 


- 


mA 


lLO 


Output Leakage Current 


CS1=V 1H or CS2=V IL or WE=V IL 
or OE=Vih, VoUT-OV a, 5.5V 


-1.0 


1.0 


pA 


ISBP 


Peak Power-on Current 


CSl=V cc , CS2=0V, I OUT =0mA 


- 


30 


mA 


ISB 


Standby Current 


CSl=V IH , I 0UT =0mA 


- 


15 


mA 


ice 


Operating Current 


CS1=Vil, IoUT=0mA 


- 


135 


mA 



CAPACITANCE* (Ta=25°C, f=1.0MHz)] 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


v IN =ov 


8 


pF 


C OUT 


Output Capacitance 


v IN =ov 


10 



* Note: This parameter is periodically smapled and is not 100% tested, 
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A.C. CHARACTERISTICS (Ia=0^70°C, Vcc = 5V±10/Q 
READ CYCLE 



SYMBOL 


PARAMETER 


TMM2080P-35 


TMM2089P-45 


TMM2089P-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Read Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


tACC 


Address Access Time 


- 


35 


- 


45 


- 


55 


tcoi 


CSl Access Time 


- 


35 


- 


45 


- 


45 


t C02 


CS2 Access Time 


- 


25 


- 


25 


- 


30 


tOE 


OE Access Time 


- 


20 


- 


20 


- 


25 


tOH 


Output Data Hold Time from Address 
Change 


5 


- 


5 


- 


5 


- 


tCLZ 


Output Enable Time from CSl or CS2 





- 


5 


- 


5 


- 


tCHZ 


Output Disable Time from CSl or CS2 


- 


20 


- 


20 


- 


20 


tOLZ 


Output Enable Time from OE 





- 





- 





- 


t OHZ 


Output Disable Time from OE 


- 


15 


- 


15 


- 


20 


t PU 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Down Time 


- 


30 


- 


30 


- 


30 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TMM2089P-35 


TMM2089P-45 


TMM2089P-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


C CS 


Chip Selection to End of Write 


30 


- 


40 


- 


50 


- 


tAS 


Address Set Up Time 





- 





- 





- 


t UP 


Write Pulse Width 


25 


- 


35 


- 


45 


- 


C WR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


15 


- 


20 


- 


20 


- 


tDH 


Data Hold Time 





- 





- 





- 


C WLZ 


Output Enable Time from WE 





- 





- 





- 


C WHZ 


Output Disable Timf from WE 


- 


15 


- 


15 


- 


20 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.0V/3.0V 


Input Rise and Fall Time 


5ns 


Input and Output Reference Levies 


2.0V/0.8V 


Output Load 


Fig. 1 



|Fig. 11 



I/Opino- 



;5ion 



=Jr c L- £30 on 
30 pF f 
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TIMING WAVEFORMS 



READ CYCLE (1) 



ADDRESSES 



CS2 



L RC 



mm. 



CS1 



^^; 



Hi E h 
Impedance 



to LZ (5) 



t ChZ (5) 



l CLZ (5) 



X 



t OH 



m^»m 



tCHZB) 



MM 



l CWZ (5) 



M 



tQHZ (5) 



OUTPUT DATA VALID 



UNKNOWN 



WRITE CYCLE 1 (4) (WE Controlled Write) 



ADDRESSES 









L wc 








1 


c i 




tAK | 


t-WR 




wwwwv 


\\\ 


t-WP 


^ 




WWWWWM 


J 










W//////////////A 


- 


tew 


^^■^^M 






l cw 




\\\\\\\\\\\\\\\\\\\ 




J- 


W///////////////////////// 




tWHZ (5) 












t-WLZ (5) 






High 






mm&mm 


U Impedancd 


«ffl«lfflffl 


if 




l DI- 






tDS 










X 


DATA IN STABLE 


d 
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WRITE CYCLE 2 (4) (CS1 Controlled Write) 



ADDRESSES 



WE 



GS1 



~ 


'— = 


E 




l AS 


twp 

• 9"- 


C WR 

■* »- 




\\\\\\\\\\\\\\\\\\\\\\\\\. 


miiiiiiiniiiiiiiuiimii, 


1 








'llllllllllllllllllll 


• 


- "^ii»i» 






^cw 






« 




1 


u 


l ChZ(5) — — - 


C WHZ(5) 




""" * f 


m 


A 


High Impedance 


Y 


tDS 


tDH 








V DATA IN STABLE Y 



WRITE CYCLE 3 (4) (CS2 Controlled Write) 



ADDRESSES 



WE 



l WC 



X 



CS2 



CS 1 



D OUT 



tAS 



^ Ilk 



im: 



■>! 



tCLZ(5) 



t WP 



tew 



a 



tew 



tWHZ (5) 



t WK 



X 



1 



High Impedance 



: DH 



V DATA IN STABLE / 



'1 
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Note: 1. WE is High for Read Cycle. 

2. Assuming that CS1 Low transition or CS2 High transition occurs coin- 
cident with or after WE Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CS1 High transition or CS2 Low transition occurs coin- 
cident with or prior to WE High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the 
load shown in Fig. 1. 

(A) tCLZ. tOLZ» C WLZ Output Enable Time 

( B ) tCHZ» tOHZ» tWHZ Output Disable Time 



CUl ,01: 



WK.CK2 



\ 



f 



(A) 



High Impedance 



Q15V 
0.15V 



/ 



\ 



(B) 



= Q15 V 

High Impedance 

: a 15V 
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DIP 28 PIN OUTLINE DRAWING 



TMM2089P-35, TMM2089P-45 
TIYIM2089P-55 




Unit in mm 




7.6 2 ±0.2 5 



0.2 5 



+ 0.1 
- 0.0 5 




0-15° 



Note) Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5561 P-55 
TC5561P-70 



DESCRIPTION 

The TC5561P is a 65,536 bit high speed static 
random access memory organized as 65 , 536 words 
by 1 bit using CMOS technology, and Operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 55ns/70ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC556 1 P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the 

FEATURES 

• Fast access time : TC556 1 P-55 55ns(MAX. ) 

TC5561P-70 70ns(MAX.) 

o Low power dissipation : Operation 1 00mA(MAX.) 

Standby"! 00;kA(MAX.) 

© 5V single power supply 



operating current is reduced from 1 0OmA to 1 00/*A. 

The TC5561 P is suitable for use in main memory 
of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5561P is' fabricated with ion implanted 
COMS silicon gate MOS technology for high per- 
formance and high reliability. 



© Fully static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

©Package: 22 pin standard plastic package, 
300mil width 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



AO [ 


i v - 


i.2 


] V DD 


Aiq 


z 


Ul 


]Alb 


A2[ 


3 


20 


]A14 


A3[ 


4 


ly 


]A13 


Ml 


t> 


Id 


]A1<! 


A5l 


6 


17 


1A11 


A6l 


7 


16 


]A10 


A7C 


8 


15 


\AV 


d outC 


y 


14 


]Ab 


WKt 


10 


13 


P D IN 


UN D£ 


11 


IZ 


JCK 


(3 


UOmi 1 


DIP 




PIN NAMES 










D IN <>-(>- 



Ao~Ai5 


Address Inputs 


Din 


Data Input 


Dout 


Data Output 


CE 


Chip Enable Input 


WE 
Vdd 


Write Enable Input 
Power ( + 5V) 


GND 


Ground 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-2.0-7.0 


V 


VOUT 


Output Voltage 


-0.5-VDD + 0.5 


V 


Pd 


Power Dissipation 


650 


mW 


TSOLDER 


Soldering Temperature 


260-10 


*C-sec 


TSTG 


Storage Temperature 


-65-150 


•c 


Topr 


Operating Temperature 


0-70 


•c 



D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


V|L 


Input Low Voltage 


-3.0 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



DC, and OPERATING CHARACTERISTICS (Ta=0~70C, Vdd=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin=0-Vdd 


- 


- 


±1.0 


//A 


I0H 


Output High Current 


Voh = 2.4V 


-8 


- 


- 


mA 


lOL 


Output Low Current 


V 0L = 0.4V 


8 


- 


- 


mA 


Ilo 


Output Leakage Current 


CT=ViHorWE = Vi L 
Vout=0~Vdd 


- 


- 


±1.0 


*A 


Iddo 


Operating Current 


Vdd = 5.5V, t cy cie=Min cycle, 

CE = Vil 

Other lnput=Vi H /ViL 


- 


- 


100 


mA 


Iddsi 


Standby Current 


CE = V| H 


- 


- 


2 


mA 


IDDS2 


CE"= Vdd -0.2V 


- 


- 


100 


^a 



CAPACITANCE (Ta = 25 C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


PF 


COUT 


Output Capacitance 


Vout=GND 


10 


PF 



Note : This parameter periodically sampled is not 100% tested. 
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TC5561 P-55 
TC5561 P-70 



A. C. CHARACTERISTICS . (Ta=0~70-C. Vdd=5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC5561P-55 


TC5561P-70 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


55 


- 


70 


- 


ns 


tACC 


Address Access Time 


- 


55 


- 


70 


tco 


Chip Enable Access Time 


- 


55 


- 


70 


tcOE 


Chip Enable to Output in Low-Z 


5 


- 


5 


- 


tcOD 


Chip Disable to Output in High-Z 


- 


30 


- 


30 


tOH 


Output Data Hold Time 


5 


- 


5 


- 



Write Cycle 



SYMBOL 


PARAMETER 


TC5561P-55 


TC5561P-70 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


55 


- 


70 


- 


ns 


twp 


Write Pulse Width 


35 


- 


35 


- 


tew 


Chip Enable to End of Write 


35 


- 


35 


- 


tAS 


Address Set up Time 





- 





- 


tWR 


Write Recovery Time 





- 





- 


tOEW 


WE to Output Low-Z 





- 





- 


tODW 


WE to Output High-Z 


- 


30 


- 


30 


tDS 


Data Set up Time 


35 


- 


35 


- 


tDH 


Data Hold Time 





- 





- 



A. C. TEST CONDITIONS 



Input Pulse Levels 


2.4V/0.6V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 

Reference Levels 


1.5V 


Output Load 


See Fig . 1 



480il 



30pF -i- 



-O DqUT 



2bbft 



Fig.l Output Load 
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TC5561 P-55 
TC5561P-70 



TIMING WAVEFORMS 

• READ CYCLE (1) 



tRC 



X 



X 



t ACC 



- ^^: 



£>OUT 



'CO 



■tCOK 



« 



-OH 



/////////// //////> 



tCOD 



OUTPUT DATA VALID 



• WRITE CYCLE 1 (WE Controlled Write) 



Addres 8 



IDC 



l wc 



■•AS 



T^^ 



- wwwwwww 



t wp 



/ 



c cw 



^ODW 



%R 



X 



/////////////////////a 



-r-tOEW 



(3) 



D DH 



DATA IN 



i TABLE 



X 



• WRITE CYCLE 2 (CE Controlled Write) 



Address 



WE 



ZJC 



c wc 



^AS 



t COE 



^i 



J OUT 



Din 



t W p 



///////////////////A 



tew 



— tQDW 



■tDS 



C WR 



X 



X 



DATA IN \f 

_ Stable ^ 



^H 



Note^ 

1 . WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition, Outputs remain in a high 
impedance state . 

3. Assuming that CE High transition occurs coincident with or prior to WE High transition, Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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TC5561 P-55 
TC5561 P-70 



DATA RETENTION CHARACTERISTICS 



(Ta=-40~50 , C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Standby Supply Current 


Vdd=3.0V 


- 


- 


50 


M A 


Vdd = 5.5V 


- 


- 


100 


M 


tCOH 


Chip Deselection to Data Retntion Mode 





- 


- 


/is 


tR 


Recovery Time 


tRC(1) 


- 


- 


/is 




Data Retention Mode 




V DD -0.2V 



GND 



5 . If the vih of CE, is 2 . 2V in operation , Iddsi current flows the period that vdd voltage is going down from 4 . 5V to 2 . 
5V. 
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TC556IP-55 
TC5561 P-70 



OUTLINE DRAWINGS 



Unit in mm 



22 21 20 19 18 17 16 15 14 13 12 

nr-tr-ir-tr-trf-ir-ir-ir-ir-tn 



'RIO 



JUUULJUUUUU 
1234 5 6 78 9 10 11 



27.3MAX 




7.62TYP 



8° 






HV.. 



-f 



°- 25 -0.05' 



1 0.92MAX 



Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No. 22 leads. 



Note . Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 
.. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5562P-45 
TC5562P-55 



DESCRIPTION 

The TC5562P is a 65,536 bit high speed static 
random access memory organized as 65 , 536 words 
by 1 bit using CMOS technology, and operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 45ns/55ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5562P also features and automatic stand- 



by mode. When deselected by chipEnable(CE), the 
operating current is' reduced from 1 00mA to 20mA. 

The TC5562P is suitable for use in main memory 
of high speed/high density are required. 

The TC5562P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5562P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per- 
formance and high reliability. 



FEATURES 

• Fast access time : TC5562P-45 45ns(MAX.) 

TC5562P-55 55ns(MAX.) 

• Low power dissipation : Operation 1 00mA(M AX.) 

Standby 20mA(MAX.) 

• 5V single power supply 



• Fully Static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

• Package : 22 pin standard plastic package, 

300mil width 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



A0[ 

Al[ 2 

A2[ 3 

A3[ 4 

A4[ 5 

A5[ 6 

A6[ 7 

A7t 8 

D OUT[ 9 

QND[ 2-1 



22 I V DD 
21 1A15 
20 JA14 
1 9 1 Al 3 
18 ]A12 
17 ]A11 
16 ]A10 
15 JA9 
14 ]A8 
13 ]D IN 
12 ICE" 



(300mil DIP) 



PIN NAMES 



CE o- 



WE o- 



A0--A15 


Address Inputs 


Din 


Data Input 


Dout 


Data Output 


cT 


Chip Enable Input 


WE 


Write Enable Input 


Vdd 


Power ( + 5V) 


GND 


Ground 



AO * 
Al i 
A2 ' 
A3 < 
A4' 
A5 ' 
A6 ' 
A7 ' 



&:: 



Be: 



fe=: H 



Be: - 



MEMORY CELL 

ARRAY 

256x256 



DATA 
CONTROL 



f^ 



SENSE AMP. 



COLUMN DECODER 



VDD 
OND 



A8 A9 A10A11A12A13A14A15 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-2.0-7.0 


V 


VOUT 


Output Voltage 


-0.5-VDD + 0.5 


V 


Pd 


Power Dissipation 


650 


mW 


TSOLDER 


Soldering Temperature 


260-10 


°C-sec 


TSTG 


Storage Temperature 


-65-150 


•c 


Topr 


Operating Temperature 


0-70 


°C 



D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-3.0 


- 


0.8 


V 



DC and OPERATING CHARACTERISTICS (Ta=0~70'C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0~Vdd 


- 


- 


±1.0 


M A 


lOH 


Output High Current 


Voh = 2.4V 


-8 


- 


- 


mA 


IOL 


Output Low Current 


Vol=0.4V 


8 


- 


- 


mA 


Ilo 


Output Leakage Current 


CE=Vih or WE=Vil 
Vout=0— Vdd 


- 


- 


±1.0 


M A 


Iddo 


Operating Current 


Vdd = 5.5V, tcycle = Min cycle, 

CE"=Vil 

Other lnput=ViH/ViL 


- 


- 


100 


mA 


Iddsi 


Standby Current 


CE=V| H 


- 


- 


• 20 


mA 


IdDS2 


CT=Vdd-0.2V 

Other lnput=Voo-0.2V or 0.2V 


- 


- 


2 



CAPACITANCE (Ta = 25C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


PF 


CoUT 


Output Capacitance 


Vout=GND 


10 


PF 



Note : This parameter periodically sampled is not 100% tested. 
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TC5562P-45 
TC5562P-55 



A. C. CHARACTERISTICS (Ta = 0~70°C, Vdd = 5V±10%) 
Read Cycle 



A. C. TEST CONDITIONS 



Input Pulse Levels 


2.4V/0.6V 


Input Rise and Fall Times 


5ns 


Input and Output Timing 

Reference Levels 


1.5V 


Output Load 


See Fig. 1 



SYMBOL 


PARAMETER 


TC5562P-45 


TC5562P-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


45 


- 


55 


- 


ns 


tACC 


Address Access Time 


- 


45 


- 


55 


tco 


Chip Enable Access Time 


- 


45 


- 


55 


tcOE 


Chip Enable to Output in Low-Z 


5 


- 


5 


- 


tCOD 


Chip Disable to Output in High-Z 


- 


25 


- 


30 


tOH 


Output Data Hold Time 


5 


- 


5 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC5562P-45 


TC5562P-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


45 


- 


55 


- 


ns 


twp 


Write Pulse Width 


30 


- 


35 


- 


tew 


Chip Enable to End of Write 


30 


- 


35 


- 


tAS 


Address Set up Time 





- 





- 


tWR 


Write Recovery Time 





- 





- 


tOEW 


WE to Output Low-Z 





- 





- 


tODW 


WE to Output High-Z 


- 


25 


— 


30 


tDS 


Data Set up Time 


30 


- 


35 


- 


tDH 


Data Hold Time 





- 





- 




O D 0U T 



7tr 



Fig.l Output Load 
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TIMING WAVEFORMS 

• READ CYCLE (1) 



Address 



CE 



=>< 



C RC 



C ACC 



l» c 



D OUT 



C C0 



c COE 



X 



c OH 



y/////////, w////t 



tCOD 



OUTPUT DATA VALID 



• WRITE CYCLE 1 (WE Controlled Write) 





. 


1 


-wc 




». 




Address / 


( X 




t AS 


trim 


tWR 














WE \ 


^\\\\\. 


. 






t cw 




W \\W\W\ 


', '///////////////////// 


t ODW 






tQEW 


»out mmmmm 


\ 


^xxxxvwv ^y \wxxfr 


) 

t DS 




ooooookx^ Am , Avyy>? 




[i 










Dtn 




/ 


'<v STABLE / 


>(_ 





WRITE CYCLE 2 (CE Controlled Write) 



Address 



z>< 



%c 



-AS 



wr ^SKSSiSSm 



t COE 



"^i 



J OUT 



J IN 



t w p 



JMZZZMMZm 



-cw 



tQDW 



L WR 



>C 



j r 



>d!ZZX 



t DH 



Note j 

1 . WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 
impedance state . 

3. Assuming that CE High transition occurs coincident with or prior WE High transition, Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 



TC5562P-45 
TC5562P-55 



22 21 20 19 18 17 16 15 14 13 12 

r-i i — i i — ii— ii— i rh i— ii— ii— inn 




10 11 



Unit in mm 



-27.3MAX 




7.62TYP 



4 



tO.I 
025 -0.05 



10.92MAX 



Note : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No. 22 leads. 
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TC5562P-45 
TC5562P-55 



Note: Toshiba does not assume any responsibility for use of any cirtry described; no circuit patent licenses are implied, and Toshiba reserves the right, at any time without 
notice, to change said circuitry, 
c May. 1 986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



16,384 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



DESCRIPTION 



TC55416P-35 
TG55416P-45 



The TC55416P is a 65,536 bit high speed static random access memory organized as 16,384 words by 4 bits 

using CMOS technology, and operated from a single 5-volt supply. Toshiba's high performance device technology 

provides both high speed and low power features with a maximum access time of 35ns/45ns and maximum 

operating current of 80mA/60mA at minimum cycle time. 

The TC55416P also features an automatic stand-by mode. When deselected by Chip Enable (CE), the operating 

current is reduced to 10mA. 

The TC55416P is suitable for use in cache memory and high speed storage, where high speed/high density are 

required. 

The TC55416P is molded in a 22 pin standard plastic package with 0.3 inch width for high density assembly. 

The TC55416P is fabricated with ion implanted CMOS silicon gate MOS technology for high performance and 

high reliability. 



FEATURES 



Fast access time 



Low power dissipation 



5V single power supply 
Fully static operation 
Directly TTL compatible 
Package 



TC55416P-35 35ns (Max.) 
TC55416P-45 45ns (Max.) 
Operation TC55416P-35 80mA (Max.) 
TC55416P-45 60mA (Max.) 
Standby 10mA (Max.) 



All Input and Output 

22 pins standard plastic package, 300 mil width. 



PIN CONNECTION 



BLOCK DIAGRAM 



PIN NAMES 




(300mil DIP) 



* A0-A13 


Address Inputs 


I/O1-I/O4 


Data Input/Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


VDD 


Power (+5V) 


GND 


Ground 



A13 O- 



1/01 O- 

1/02 o- 

1/03 o- 

1/04 O- 



CE o- 




fcZ 



"*s 



^ 



^ 



r^: 



MEMORY 
CELL ARRAY 
(256X64X 4 ) 



H 



COLUMN I/O 
CIRCUIT 



- UV DD 
-OOND 




4? 



lSz 



«*: 



A0 Al A2 A3 A4 A5 




-<o— « 
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TC55416P-45 

MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vdd 


Power Supply Voltage 


-0.3-7.0 


V 


VIN 


Input Voltage 


-2.0-7.0 


.V 


VOUT 


Output Voltage 


-0.5-VDD+0.5 


V 


PD 


Power Dissipation 


650 


raW 


Tsolder 


Soldering Temperature 


260-10 


°C-sec 


Tstg 


Storage Temperature 


-65-150 


°C 


Topr 


Operating Temperature 


0-70 - 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


A. 5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta=0-70°C, V D d=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IIL 


Input Leakage Current 


VIN=0~V DD 


- 


- 


±1.0 


UA 


I OH 


Output High Current 


Voh=2.4V 


-4 


- 


- 


mA 


IOL 


Output Low Current 


V L=0.4V 


8 


- 


- 


mA 


ILO 


Output Leakage Current 


CE=Vih or WE=Vil 
VoUT =0 ~ v DD 


- 


- 


±1.0 


UA 


IDDO 


Operating Current 


V DD =5,SV 
tcycle s Min cycle 

CE=ViL 

Other Input=ViH/ViL 


-35 


- 


- 


80 


mA 


-45 


- 


- 


60 


IDDS1 


Standby Current 


Vdd=5.5V, t cyc ie=Min cycle 
CE=VIH» Other Input=ViH/Vi L 


- 


- 


20 


mA 


IDDS2 


CE=Vdd~0.2V 

Other Input=V D D-0.2V or 0.2V 


- 


- 


1 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


CIN 


Input Capacitance 


V IN =GND 


10 


PF 


COUT 


Output Capacitance 


VouT"GND 


10 


pF 



Note: This parameter periodically sampled is not 100% tested, 
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TG53416P-3S 
TC55416P-45 



A.C. CHARACTERISTICS (Ta»0~70°C, V DD «5V±10%) 
Read Cycle 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.6V, 2.4V 


Input Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


0.8V, 2.0V 


Output Load 


See Fig.l 



V D D 



I/O PIN O- 



SYMBOL 


PARAMETER 


TC55416P-35 


TC55416P-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Time 


35 


- 


45 


- 


ns 


tACC 


Address Access Time 


- 


35 


- 


45 


ns 


tco 


Chip Enable Access Time 


- 


35 


- 


45 


ns 


c C0E 


Chip Enable to Output in Low-Z 





- 





- 


ns 


tCOD 


Chip Enable to Output in High-Z 


- 


15 


-- 


20 


ns 


tOH 


Output Data Hold Time 


5 


- 


5 


- 


ns 


Write Cyc] 


Le 












SYMBOL 


PARAMETER 


TC55416P-35 


TC55416P-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


35 


- 


45 


- 


ns 


tWP 


Write Pulse Width 


30 


- 


35 


- 


ns 


tew 


Chip Enable to End of Write 


30 


- 


35 


- 


ns 


tAS 


Address Set Up Time 





- 





- 


ns 


tWR 


Write Recovery Time 





- 





- 


ns 


tODW 


WE to Output High-Z 


- 


15 


- 


15 


ns 


tOEW 


WE to Output Low-Z 





- 





- 


ns 


tDS 


Data Set Up Time 


15 


- 


20 


- 


ns 


tDH 


Data Hold Time 





- 





- 


ns 



Fig.l OUTPUT LOAD 

Note: In all condition, tcoo max is less than tcoE min both for a given device and 
from device to device. 
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TC5341Gr-3S 
TC55416P-45 

TIMING WAVEFORMS 
READ CYCLE ( 1 ) 

ADDRESS 



t RC 



X 



-£AC£- 



tco 



tcOE 



DquT 




;x; 



.*OH w . 

V///////////////////A 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 



ADDRESS 



XI 



_HffiL 



X 



- sW^y . 



tew 



y//////////////. 



*kS 



WE 



Dqut 



din 




Sn. 



tWP 



tQDw 



12) 



HIGH IMPEDANCE 



tcs 



,'* 



r WR 



tQEW 



-H C9 



.EPJL 



^ ^ DATA IN STABLE ' ^ 



WRITE CYCLE 2 (CE Controlled Write) 



twc 



ADDRESS 



X 



tAS 



x 



* 



« m^^m> : 



tew 



•' 



c coe, 



DOUT 

din 



twp 



tQDW 



HIGH IMPEDANCE 



X 



t DS 



r WR 



'./ y///////////A 



t DH 



DATA IN STABLE 



X 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CT High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55416P-35 
TC55416P-45 



OUTLINE DRAWINGS 



Unit in mm 



22 

i-if— I I— l I— i f— i r— i r— i I — l 



12 



11 



2.73MAJC 



(Note) 




Q5±a07 



1.4±a0 7 



7.62 TYP 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position 
with respect to No.l and No. 22 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



16,384 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55417P-35 

TC55417P-45 



DESCRIPTION 

The TC55417P is a 65,536 bit high speed static random access memory organized as 16,384 words by 4 bits 
using CMOS technology, and operated from a single 5-volt supply. Toshiba's high performance device technology 
provides both high speed and low power features with a maximum access time of 35ns/45ns and maximum 
operating current of 80mA/60mA at mini mum cycle time. The TC55417P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the operating current is reduced to 10mA. The TC55417P is 
suitable for use in cache memory and high speed storage, where high speed/high density are required. The 
TC55417P is molded in a 24 pin standard plastic package with 0.3 inch width for high density assembly. The 
TC55417P is fabricated with ion implanted CMOS silicon gate MOS technology for high performance and high 
reliability. 



FEATURES 



Fast access time 



Low power dissipation: 



• 5V single power supply 

• Fully static operation 

• Directly TTL compatible 

• Output buffer control 

• Package 



TC55A17P-35 35ns (Max.) 
TC55417P-45 45ns (Max.) 
Operation TC55417P-35 80mA (Max.) 
TC55417P-45 60mA (Max.) 
Standby 10mA (Max.) 



All Input and Output 

OE 

24 pins standard plastic package, 300 mil width. 



PIT! CONNECT I on 



A8 C 
A7 C 
A6 C 
A5 C 
A4 C 
A3 C 
A2 C 
Al 
AO 
CE C 
OE C 
QND 



\7 



9 3/ 



C8 
C9 



C12 



3VUD 

A 9 

A 10 

All 

3A12 
A13 

3N.C. 

I/Ol 

1/02 

3 

HpI/0 4 

3WE 



23 3 
22 3 
213 
20 
1 

18 
17 3 
16 3 

1531/oc 



13 



(300mil DIP) 



PIN NAMES! 


A0^A13 


Address Inputs 


1/01 %I/04 


Data Input/Output 


CE 


Chip Enable Input 


tfE 


Write Enable Input 


or 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



BLOCK DIAGRAM 



A8 

A9 

..A10 

All 

■ 12 

A13 

7. 01 

l/o:- 

1/03 

I. -'04 



-te;_ 



-t^ 



^: 



i^: 



-^ 



MKMOr.Y 
CELL Ahi'.Ai 
(256 '64/ 4 ) 



n 



COLUMN I/O 
ClhCUIT 



COLUMN 
DECODER 



VDD 



"^ 



*=: 



"LzS; 



^ 



A0 Al A2 A3, A4' A5 




— C-75 — 



luuuti i r"uu 

TC55417P-45 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3^7.0 


V 


VlN 


Input Voltage 


-2.0^7.0 


V 


v OUT 


Output Voltage 


-0.5 ^V D d+0.5 


V 


Pd 


Power Dissipation 


650 


mW 


T solder 


Soldering Temperature • Time 


260 • 10 


"Osec 


T stg 


Storage Temperature 


-65 a,150 


°C 


T opr 


Operating Temperature 


O'WO 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlK 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS (Ta-0 %70°C, V DD =5V±10%) 



SYM30L 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V in =0%V D d 


- 


- 


±1.0 


pA 


lOH 


Output High Current 


V 0H =2.AV 


-4 


- 


- 


mA 


lOL 


Output low Current 


Vql-O.W 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or WE=V IL 
VquT =0 ^ v DD 


- 


- 


±1.0 


UA 


I DD0 


Operating Current 


Vdd=5.5V 

tcycle=Min cycle 

CE=V IL 

Other Input=ViH/VlL 


-35 


- 


- 


80 


mA 


-A 5 


- 


- 


60 


iDDSl 


Standby Current 


Vdd=5.5V, t cycle=Min cycle 
CE=Vih, Other Input=V IH /Vi L 


- 


- 


20 


mA 


X DDS2 


CE=V DD -0.2V 

Other Input=V DD -0.2V or 0.2V 


- 


- 


1 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND ; 


10 


pF 


COUT 


Output Capacitance 


VquT =gnd 


10 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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TC55417P-45 



A.C. CHARACTERISTICS (Ta«0«WO°C, V DD =5V±10%) 
Read Cycle 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.6V, 2.4V 


Input Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


0.3V, 2.0V 


Output Load 


See Fig. 1 



1. PIN O- 



SYMBOL 


PARAMETER 


TC55417P-35 


TC55417P-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Time 


35 


- 


45 


- 


ns 


^CC 


Address Access Time 


- 


35 


- 


45 


ns 


C C0 


Chip Enable Access Time 


- 


35 


- 


45 


ns 


C OE 


Output Enable to Output Valid 


- 


20 


- 


20 


ns 


'COE 


Chip Enable to Output in Low-Z 





- 





- 


ns 


c COD 


Chip Enable to Output in High-Z 


- 


15 


- 


20 


ns 


c OEE 


Output Enable to Output in Low-Z 





- 


6 


- 


ns 


'ODO 


Output Disable to Output in High-Z 


- 


15 


- 


15 


ns 


'oh 


Output Data Hold Time 


5 


- 


5 


- 


ns 


Write Cycle 


SYMBOL 


PARAMETER 


TC55417P-35 


TC55417P-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


35 


- 


45 


- 


ns 


'up 


Write Pulse Width 


30 


- 


35 


- 


ns 


tew 


Chip Enable to End of Write 


30 


- 


35 


- 


ns 


C AS 


Address Set Up Time 





- 





- 


ns 


C WR 


Write Recovery Time 





- 





- 


ns 


'ODW 


WE to Output High-Z 


- 


15 


- 


15 


ns 


'OEW 


WE to Output Low-Z 





- 





- 


ns 


tDS 


Data Set Up Time 


15 


- 


20 


- 


ns 


C DH 


Data Hold Time 





- 





- 


ns 



Fig. 1 OUTPUT LOAD 

Note: In all condition, t COD max is less than t C0E min both for a given device and 
from device to device. 
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TC55417P-45 

TIMING WAVEFORMS 
READ CYCLE (D 



ADDRESS 



x 



tfcC 



el \\\\\\\\\\\\\\\y-^ 



<* .\\v\mw\v 



t COE 



*0E 






x 



tQH 



/ //M///////////////77777777T/, 



/ ////////M mw ////////m 



tQDO 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 



X 



« ^^^t 



twc 



X 



l CW 



5\; 



« W///////////S 



twr 



:/' 



c 0DW 



HIOH IMPEDANCE 



"IN 



X 



l wh 



J/////////W////// 



... . KWWWW 



t-OEV 



C DH 



^32 



DATA IN STABLE 



X 



WRITE CYCLE 2 (CE Controlled Write) 

ADDi-iE.':.-; 
ce 



X 



l AS 



L wc 



X- 



" \\\\\vw;^mh 



w W//////A W 



t-COE 



D OUT 



l CW 



:/ 



tWP 



-J1MZMZZMM. 



l 0DW 



t 0D0 



HIOH IMPEDANCE 



X 



t DS 



t WR 



x 



mmw 



tDH 



DATA IN STABLE 



X 



Note: 



1. WE is High for Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 



i uoo4 1 1 r-ao 
TC55417P-45 



Unit in mm 



r-ir-ir-it— ir-ii—ir-ir—if-ir— i 



3 0.0MAX 



( Note ) 




-40.1 
D -0 05 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position 
with respect to No.l and No. 24 leads. 
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TOSHIBA 



HIGH SPEED PROGRAMMING MODE 

FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 
64K through 51 2K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro- 
gramming II Algorithm. 

APPLICABLE DEVICES 



The High Speed Programming I Algorithm uses 
1ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1ms programming pulse and the flow chart is 
shown in Figure 2. 



Device Name 


Theoretical Programming Time 


EPROM 


One Time PROM 


I 


II 


TMM2764AD/ADI 

TMM27128AD/ADI 

TMM27256AD/ADI 

TC57256AD 

TMM27512D/DI 

TC571000D 

TC571001D 


TMM2464AP/AF 

TMM24128AP/AF 

TMM24256AP/AF 

TC54256AP/AF 

TMM24512P 

TC541000P 

TC541001P 


33 sec 

66 sec 

131 sec 

131 sec 

262 sec 

N/A 

N/A 


0.8 sec 
1.7 sec 
3.3 sec 
3.3 sec 
7.0 sec 
14 sec 
14 sec 



IDENTIFICATION MODE 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: * 
Set A9=12V±0.5V, A0=ViL, Other Addresses=Vil_ 

Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 

Set A9=12V±0.5V, A0=ViH, Other Addresses=ViL. 
Note: The Device Code is manufacturer dependent. 
The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 



Device Name 


Signature 


EPROM 


One Time PROM 


Manufacture Code 


Device Code 


TMM2764AD/ADI 

TMM27128AD/ADI 

TMM27256AD/ADI 

TC57256AD 

TMM27512D/DI 

TC571000D 

TC571001D 


TMM2464AP/AF 

TMM24128AP/AF 

TMM24256AP/AF 

TC54256AP/AF 

TMM24512P 

TC541000P 

TC541001P 


98 
98 
98 
98 
98 
98 
98 


52 
D3 
54 
C4 
15 
86 
07 
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TOSHIBA 



Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 



ADDRESS= 
NEXT ADDRESS 



f START J 

V 



ADDRESS = 
START ADDRESS 




PROGRAM 1ms PULSE 




YES 



OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3Xmsec DURATION 



NO 



* : Vpp = OV for 512KEPROM 
during verification 
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Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 



TOSHIBA 



NG 



ADRESS 

= NEXT ADDRESS 



NO 



START 




V« = 6.25V±0.25V 
V„.= 12.75±0.25V 



ADRESS=START 
ADDRESS 



X=0 



PROGRAM : tpw=0.1ms 

zn 



X=X+1 



* •' V pp = OV for 512KEPROM IT OK 
during verification 




CH^ 
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TOSHIBA MOS MEMORY PRODUCT 

8,192 WORD X 8 BIT UV ERASABLE AND TMM2764AD-1 5, TM M2764AD-1 50 

ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY TMM2764AD-20, TM M2764AD-200 



DESCRIPTION 

TheTM M2764AD is a 81 92 word X8 bit ultraviolet light 
erasable and electrically programmable read only mem- 
ory. For read operation, the TM M2764AD's access time 
is 150ns/200ns, and theTMM2764AD operates from a 
single 5-volt power supply and has a low power standby 
mode which reduces the power dissipation without 
increasing access time. 



The standby mode is achieved by applying a TTL-high 
level signal to the CE input. 

For program operation, the programming is achieved by 
using the high speed programming mode. 

The TMM2764AD is fabricated with the N-channel 
silicon double layer gate MOS technology. 



FEATURES 





-15 


-20 


-150 


-200 


Vcc 


5V±5% 


5V± 1 0% 


tACC 


150ns 


200ns 


150ns 


200ns 


ICC2 


100mA 


120mA 


Icci 


30mA 


35mA 



a Fully static operation 

o High speed programming mode 

• Single location programming 

o Three state outputs 

o Inputs and outputs TTL compatible 

o Pin compatible with i2764A 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



'pp' 



A 12 C2 
A 7 [3 
A 6 C4 
A 5 C5 
A 4 C6 
A 3 C7 
A 2 C8 
AiC 9 
AoC 10 
[ 11 
Oit 12 
2 C13 

GNDC 14 



3 VCC 
] POM 
] N.C. 
] A 8 
] A 9 

] OE 
>AlO 
1 CE 
D 7 
]0 6 

3 Ob 
] 4 
3 3 



PIN NAMES 



Ao~Ai4 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N. C. 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



am v cc o 0! o 2 o 3 o 4 o 5 o 6 o 7 



i CK and POM 
CIRCUIT 



A c 
Ai c 
A 2 c 
A3 c 
A4 c 
Ab < 
Af, c 
A 7 c 
AH • 
A 9 c 
AlQC 
A H c 

Al2 c 



COLUMN 
DECODER 



ROW 
DECODER 



OUTPUT BUFFERS 




1 


32 


COLUMN I/O 
CIRCUIT 






- 


256 


MEMORY CELL 




8192X6 


bite 



MODE SELECTION 



"~--\^^ PIN 

MODE^\^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(D 


Vcc 
(28) 


O0--O7 
(11-13, 15-19) 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 


Data Out 



Note * : H or L 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-Z00 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


Vin 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260 -10 


"C-sec 


TSTRG. 


Storage Temperature 


-65-125 


•c 


Topr. 


Operating Temperature 


0-70 


•c 



READ OPERATION 
D. C. AND AC. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM2764AD-15/20 


TMM2764AD-1 50/200 


Ta 


Operating Temperature 


0~70°C 


0~70°C 


Vcc 


Vcc Power Supply Voltage 


5V±5% 


5V±10% 


Vpp 


Vpp Power Supply Voltage 


2.0~Vcc±0.6V 


2.0-Vcc+0.6V 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


Vin =0- Vcc 


- 


- 


±10 


AA 


Ilo 


Output Leakage Current 


Vout = 0.4~Vcc 


- 


- 


±10 


nh 


Icci 


Supply Current (Standby) 


CE = Vih 


-15/20 


- 


- 


30 


mA 


- 1 50/200 


- 


- 


35 


ICC2 


Supply Current (Active) 


CE=Vil 


-15/20 


- 


- 


100 


mA 


- 1 50/200 


- 


- 


120 


VlH 


Input High Voltage 


- 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


| OH =-400//A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL=2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6 


- 


- 


±10 


„A 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 



A. C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TMM2764AD-15/150 


TMM2764AD-20/200 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


150 


- 


200 


ns 


tCE 


CE to Output Valid 


- 


150 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


70 


ns 


tPGM 


PGM to Output Valid 


- 


70 


- 


70 


ns 


tDFl 


CE to Output in High-Z 





60 





60 


ns 


tDF2 


OE to Output in High-Z 





60 





60 


ns 


tDF3 


PGM to Output in High-Z 





60 





60 


ns 


tOH 


Output Data Hold Time 





- 





- 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta = 25C\ f=iMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV. 


- 


4 


6 


pF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


pF 



* This paramater is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A ~ A 12 



CE 



o ~ o 7 



^X 


■ -' s 


X 












tCE 




tQH 






E- 










M 


m 


/ 


2 


''//////////////A 






tOE 






tDFl 








^ 


r 












M 


M 


A 


Wa 


» 


W///A 






.. t FOM „ 




t DP2 
















M 


W/// f 


tACC 


1 


» 


« 


mm 








tDF3 






* 


<^V 










HIGH Z 


c- : 


^ HIGH Z 








\///y^ 


DATA OUTF 


Ul 


s 
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TMM2764AD-15, TMM2764AD-1 50 
TMM2764AD-20, TMM2764AD-200 

HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


'PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5'C. Vcc=6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


„A 


Voh 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Outpu Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 

j — 


12.5 


V 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5'C, Vcc = 6V±0.25V, Vpp=12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


//S 


tAH 


Address Hold Time 


- 


2 


- 


- 


MS 


tCES 


CE Setup Time 


- 


2 


- 


- 


MS 


tCEH 


CE Hold Time 


- 


2 


- 


- 


MS 


tDS 


Data Setup Time 


- 


2 


- 


- 


MS 


tDH 


Data Hold Time 


- 


2 


- 


- 


MS 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


MS 


tpw 


Program Pulse Width 


- 


0.95 


1.0 


1.05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


2.85 


- 


78.75 


ms 


tPRT 


Program Pulse Rise Time 


- 


5 


- 


- 


ns 


tPFT 


Program Pulse Fall Time 


- 


5 


- 


- 


ns 


tOE 


OE to Output Valid 


- 


- 


- 


100 


ns 


tDF2 


OE to Output in High Z 


CE = Vil 


- 


- 


90 


ns 



A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 
© Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and CidOOpF) 

10ns Max. 

0.45 to 2.4V 

Input 1V and 2V ; Output 0.8V and 2.0V 



Note : 1 . topw depeds on the program pulse width which is required in the initial Program. 
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TMM2764AD-1 5, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 



TIMING WAVEFORMS (PROGRAM) 



ADDRESSES 



X 



OE 



/ 



t AS 



Sv 



t CES 



~C_ 



^0 7 UNKNOWN y ^ STABLE > ~ < 



t DS 



: PFT 



\J. 



D VS 



t PW 



1 



"OE 



°AH 



'CEH 



/ D OUT \ / 

Y VALID I \ 



t DH 



: PRT 



PROORAM 



PRO ORAM 
VERIFY 



INITIAL PROORAM 



t DF2 



DIN STABLE 



\ 



tOPW 



> 



PROORAM 



ADDITIONAL PROGRAM 



X 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 1 2.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4V. 
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ERASURE CHARACTERISTICS 

The TMM2764AD's erasure is achieved by apply- 
ing shortwave ultraviolet light which has a wave 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



And using commercial lamps whose ultraviolet light 
intensity is 12000 [juw/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [jaw/cm 2 ] X (20X60) [sec] as 15 
[w ■ sec/cm 2 ] .) 

The TMM2764AD's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 



OPERATION INFORMATION 

The TMM2764AD's six operation modes are list- 
ed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL 





PGM 
(27) 


CE~ 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo~0 7 
(11-13. 15-19) 


POWER 


READ 

OPERATION 
(Ta = 0~70'C) 


Read 


H 


L 


L 


5V 


5V . 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 
(Ta = 25±5-C) 


Program 


L 


L 


* 


■12.5 V 


6V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H : Vil, L : Vil, * : Vih or Vil 



READ MODE 

The TMM2764AD has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection,. 

Assuming that CE = OE = Vil and PGM=Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 



The CE to output valid (tcE) is equal to the address 
access time (tAcc). 

Assuming that CE=Vil, PGM=Vih and all ad- 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 



OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. 
So two or more TMM2764AD can be connected 



together o n a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

TheTMM2764ADhasa low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CTinput, the 
TMM2764AD is placed in the standby mode which 



reduce 70% of the operating current and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764AD are in the " 1 " state which is erased 
state . 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 



programming. 

The levels required for all inputs are TTL. 

The TMM2764AD can be programmed any loca- 
tion at anytime either individually, sequentially, 

or at random. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 



T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2 . 5 V ) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764AD from being 
programmed. 

Programming of two or more TMM2764AD's in 
parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program- 
ming mode when the programming voltage( + 1 2.5V) 
is applied to the Vpp terminal with Vcc = 6V and PGM 
= Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 



program pulse of 1ms is applied and then pro- 
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-Z0, TMM2764AD-200 

HIGH SPEED PROGRAM MODE FLOW CHART 




FAIL 



D 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM2764AD which identifies its manufacture 
and device type. 

The programming equipent may read out 
manufacurer code and device code from 
TMM2764AD by using this mode before program 
operation and automatically set program voltage 
(Vpp) and algorithm. 

Electric signature mode is set up when 12V is 



TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 



applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2764AD. 



^-~-— - -__^^ PINS 
S 1 G N AT URfT~----^^ 


A 
(10) 


o 7 

(19) 


Os 

(18) 


5 
(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


0, 
(12) 


o„ 

(11) 


HEX. 
DATA 


Manufacture Code 


Vil 


1 








1 


1 











98 


Device Code 


VlH 





1 





1 








1 





52 | 



Notes: A9 = 12V±0.5V 

A1-A 8, A10~A12,CET. OE = Vil 
PGM = Vih 



D-15 



TMM2764AD-15, TMM2764AD-150 
TWIM2764AD-20, TMM2764AD-200 



OUTLINE DRAWINGS 



Unit in mm 



3 7.7 MAX. 



10.64 7J7 



28 27 26 25 




7.1+0.2 






24 


23 22 21 20 


19 18 17 16 15 














,i 


5) 




/I 


r\ 




co 
co 


r 


Vj 


iy 










. 


" 


¥ 2 3 4 


5 


6 7 


8 9 


10 11 12 13 14 






I 



£54±Q25 




1.3±Q25 



+ 0.15 
0.46-0.10 



Note 1 



15.24±a3 



1\ 



+ai5 
a25-aio 



17.4MAX. 



Note 2 



Note: 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 



Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied..and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May.. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 



TMM2764ADI-15 
TMM2764ADI-20 



DESCRIPTION 

The TMM2764ADI is a 8192 word x 8bit ultra- 
violet light erasable and electrically programmable 
read only memory. For read operation, the 
TMM2764AD's access time is 150/200ns and the 
TMM2764ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 

FEATURES 





-15 


-20 


Vcc 


5V±5% 


tACC 


150ns 


200ns 


ICC2 


100mA 


lcci 


30mA 



The standby mode is achieved by applying a TTL- 
high level signal to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM2764ADI is fabricated with the Nchan- 
nel silicon double layer gate MOS technology. 



• Wide operating temparature range -40- 

• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with J2764A 



-85"C 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



VppC i 
A 12 C2 
A 7 C3 
A 6 C4 
A 5 C5 
A^t 6 
A 3 C7 
A 2 C8 
Ai[ 9 
A C 10 
[ 11 
Oit 12 
2 C 13 
ONDt 14 



IVcc 
3 POM 
3 N.C. 
] A 8 
] A 9 



23] An 

22 ]0E~ 

213Aip 

20 1 CE 

19 3 7 

18J]0 6 

17 

16 

15 



J0 5 

3 °4 
3 3 



PIN NAMES 



Ao~Ai4 


Address Inputs 


Oo~0 7 


Outputs (Inputs) 


CE" 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N. C. 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



POM c 

AO 

Al 

A 2 

A3 

A4 

At, 

A6 

A7 

A8 

A9 

AlO 

All 

Alg 



Vpp OND V CC 
_J ? ? 



°0 °1 °2 °3 °4 °5°6 °7 



0— 


OE CE and POM 
CIRCUIT 






OUTPUT BUFFERS 




I 


b 


I 






1 


°~ 


S 

b. 



CO 

to 
u 

a 
a 

< 


COLUMN 
DECODER 


32 


COLUMN I/O 
CIRCUIT 




8 




0— 








•- 




ROW 
DECODER 


256 


MEMORY CELL 

ARRAY 
8192X8 bite 


— 






0— 















MODE SELECTION 










~^\^ PIN 

MODE"-\^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo~0? 
(11-13, 15-19) 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 


Data Out 



Note * : H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260-10 


"C'Sec 


TsTRG. 


Storage Temperature 


-65-125 


•c 


Topr. 


Operating Temperature 


-40-85 


•c 



READ OPERATION 
D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 



PARAMETER 



TMM2764ADI-15/20 



Ta 



Operating Temperature 



-40~85°C 



Vcc 



Vcc Power Supply Voltage 



5V±5% 



Vpp 



Vpp Power Supply Voltage 



2.2~Vcc±0.6V 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


In 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


*A 


Ilo 


Output Leakage Current 


Vout=0.4~Vcc 


- 


- 


+ 10 


„A 


Icci 


Supply Current (Standby) 


CE=Vih 


- 


- 


35 


mA 


ICC2 


Supply Current (Active) 


CE=V,l 


- 


- 


120 


mA" 


• Vih' 


Input High Voltage 


- 


2.2 


- 


Vcc +1.0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


| 0H =-400^A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


-. 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6 


- 


- 


±10 


^A 
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A. C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TMM2764ADI-15 


TMM2764ADI-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


150 


- 


200 


ns 


tCE 


CE to Output Valid 


- 


150 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


70 


ns 


tPGM 


PGM to Output Valid 


- 


70 


- 


70 


ns 


tDFI 


CE to Output in High-Z 





60 





60 


ns 


tDF2 


OE to Output in High-Z 





60 





60 


ns 


tDF3 


PGM to Output in High-Z 





60 





60 


ns 


tOH 


Output Data Hold Time 





- 





- 


ns 



A. C. TEST CONDITIONS 

• Output Load 

o Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta = 25C\ f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = 0V. 


- 


4 


6 


PF 


CoUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


pF 



* This paramater is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A ~ A 12 



CE 



zx 



OE 



On ~ Or 



(A 



7, 



HIQH Z 



^CE 



tQE 




t H>M „ 



tACC 



X 



C 0H 



tDFI 



"DF2 



tDF3 



DATA OUTPUTS 



IS 



HIQH Z 



— D-19 — 



TMM2764ADI-15 
TMM2764ADI-20 



HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5°C. Vcc=6V±0.25V. V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


*A 


Voh 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Outpu Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5°C. Vcc=6V±0.25V. V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Adtiress Setup Time 


- 


2 


- 


- 


/iS 


tAH 


Address Hold Time 


- 


2 


- 


- 


^s 


tCES 


CE Setup Time 


- 


2 


- 


- 


pS 


tCEH 


CE" Hold Time 


- 


2 


- 


- 


ftS 


tDS 


Data Setup Time 


- 


2 


- 


- 


us 


tDH 


Data Hold Time 


- 


2 


- 


- 


//S 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


us 


tPW 


Program Pulse Width 


- 


0.95 


1.0 


1.05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


2.85 


- 


78.75 


ms 


tPRT 


Program Pulse Rise Time 


- 


5 


- 


- 


ns 


tPFT 


Program Pulse Fall Time 


- 


5 


- 


- 


ns 


tOE 


OE to Output Valid 


- 


- 


- 


100 


ns 


tDF2 


OE to Output in High Z 


CE=Vil 


- 


- 


90 


ns 



A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 1V and 2V ; Output 0.8V and 2.0V 



Note : 1 . top* depeds on the program pulse width which is required in the initial Program 
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TIMING WAVEFORMS (PROGRAM) 



TMM2764ADI-15 
TMM2764ADI-20 



ADDRESSES 



CE 



X 



/ 



"C 



G ~0 7 UNKNOWN 



POM 



V PP 



"DS 



STABLE (^ 



; PFT 



'U 




-FW 



/ 



/ D OUT \ f 

V VALID r~\ 



r DH 



*PRT 



PROGRAM 



PROGRAM 
VERIFY 



INITIAL PROGRAM 



<<DF2 



[ CEH 



DIN STABLE 



tOPW 



> 



t DH 



r 



PROORAM 



ADDITIONAL PROGRAM 



K 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4V 
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ERASURE CHARACTERISTICS 

The TMM2764ADI's erasure is achieved by apply- 
ing shortwave ultraviolet light which has a wave 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



And using commercial lamps whose ultraviolet light 
intensity is 12000 [juw/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [juw/cm 2 ] X (20X60) [sec] ss 15 
[w- sec/cm 2 ] .) 

The TMM2764ADI's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 



OPERATION INFORMATION 

The TMM 2764ADI's six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 



______PIN NAMES (NOMBER) 

MODE ' — -_____^^ 


PGM 
(27) 


CE~ 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O? 
(11-13. 15-19) 


POWER 


READ 

OPERATION 
(Ta = -40~85'C) 


Read 


H 


■L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 
(Ta = 25±5-C) 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H : Vil. L : Vil. * : Vih or Vil 



READ MODE 

The TMM2764ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vil and PGM = Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764ADI can be connected 



The CE to output valid (tcE) is equal to the address 
access time (tAcc). 

Assuming that CE=Vil, PGM=Vih and all ad- 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 



together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM2764ADI has a low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CE~ input, the 
TMM2764ADI is placed in the standby mode which 



reduce 70% of the operating current and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM2764ADI are in the "1" state which is erased 
state. The programming operation is introduces "Os" 
data into the desired bit locations by electrically 
programming. 



The levels required for all inputs are TTL. 

The TMM2764ADI can be programmed any location 
at anytime — either individually, sequentially or at 
random. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 



T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764ADI from being 
programmed. 

Programming of two or more TMM2764ADI's in 
parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program- 
ming mode when the programming voltage( + 12 .5V) 
is applied to the Vpp terminal with Vcc = 6V and PGM 
= Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 



program pulse of 1ms is applied and then pro- 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = 
NEXT ADDRESS 



C START J 



ADDRESS= 
START ADDRESS 



'CC" 



I 



Vpp = 12.5 V 




YES 



PROGRAM line PULSE 



X 



x=x+i 




OVERPROQRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 




/ FAIL \ 



D-24 — 



TMM2764ADM5 
TMM2764ADI-20 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM2764ADI which identifies its manu- 
facture and device type. 

The programming equipment may read out manu- 
facturer code and device code from the TMM2764ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 



applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output 
under these conditions is manufacturer code. Device 
code is identified when address AO is set to V|h- 
These two code possess an odd parity with the parity 
bit of MSB (07). 

The following table shows electric signature of the 
TMM2764ADI. 



|~~~~~--~-_ PINS A„ 
| SIGNATURE~^^-~~-^___i (10) 


0, 
(19) 


o 6 

(18) 


o 5 

(17) 


0, 

(16) 


3 

(15) 


o 2 

(13) 


0, 
(12) 


0„ 
(11) 


HEX. 
DATA 


i Manufacture Code I Vu 


1 








1 


1 











98 


j Device Code Vim 





1 


1 








1 





52 


Notes: A9 = 12V±0.5V 

A1-A8, A10-~A12,CT. OE 
PGM = V. H 


= VlL 
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OUTLINE DRAWINGS 



Unit in mm 







3 7.7 MAX. 










7.1 + 0.2 








28 27 26 25\,24 


23 22 


21 20 


19 18 17 16 15 






* 


r 


^ 




1 

to 
to 


RQ64 7 


r 




J 










J 




l "T J 2 3 4 5 


6 7 


8 9 


10 11 12 13 14 






IP 



2.54±0.25 




:L3±Q25 



+ Q15 
a46-Q10 



15.24±CL3 



+ Q15 
.Q25-Q10 



17.4MAX. 



Note 1 



Note 2 



Note: 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2 . This value is measured at the end of leads. 

3. All dimensions are in millimeters. 



Note : Tosh.ba does not assume any responsibility for use of any circuitry described . no circuit patent licenses are implied., and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May.. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



ISSJSn, ISIn"^ m™™v D electrically TMM271 28AD-1 5, TMM271 28AD-1 50 

PROGRAMMABLE READ ONLY MEMORY TMM271 28AD 20. TMM271 28AD-200 



N-CHANNEL SILICON STACKED GATE MOS 



DESCRIPTION 

The TMM27128AD is a 16,384 word x 8 bit ultra- 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
27128AD's access time is 150ns/200ns, and the 
TMM27128AD operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 



The standby mode is achieved by applying a TTL- 
high level signal to the CF input. 

For program operation, the program is achieved 
by using the high speed programming mode. 

The TMM27128AD is fabricated with the N- 
channel silicon double layer gate MOS technolgy. 



FEATURES 





-15 


-20 


-150 | -200 


Vcc 


5V±5% 


5V± 1 0% 


tACC 


150ns 


200ns 


150ns 


200ns 


ICC2 


100mA 


1 20mA 


Icci 


30mA 


35mA 



PIN CONNECTION (TOP VIEW) 



V PP [ 

Al2[ 
A 7 [ 

A 6 t 
A 5 C 
A 4 [ 
A3t 7 
A 2 t 8 
Ait 9 
A [ 10 
[ 11 
OxC 12 
2 C 13 
ONDC 14 



28]V£C_ 
27 ]PQM 

]Al3 

]A 8 

3A 9 

]All 

]0E 

JAip 

:ce 

]0 7 
]0 6 
30 5 
]0 4 
3 3 



PIN NAMES 



Ao~Ai3 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CE~ 


Chip Enable Input 


OE 


Output Enable Input 


PGM" 


Program Control Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i27 1 28 A 

BLOCK DIAGRAM 

Vpp OND V CC Oj 2 3 4 O b 6 7 

? 1 1 _ T ? f T T T ? T 



S"E < 
POMC 



A7 
A8 
A9 
AlO 
All 
A12 
A13 





OE CE and POM 
CIRCUIT 






OUTPUT BUFFERS 




I 


6 


1 






! 


o — 


2 

a 

6. 

a 
to 

CO 

w 

05 
Q 
Q 
< 


COLUMN 
DECODER 


64 


COLUMN I/O 
CIRCUIT 


o 


8 




o 








•• 


o 

o 


ROW 
DECODER 


256 


MEMORY CELL 

ARRAY 

16384X8 bits 


^ 





















MODE SELECTION 



^-\^ PIN 
MODE ^^^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo~0y 
(11-13, 15-19) 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


/ 
L 


Data Out 



Note * : H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C-sec 


TsTRG. 


Storage Temperature 


-65-125 


"C 


Topr 


Operating Temperature 


0-70 


•c 



R EAD OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27128AD-15/20 


TMM27128AD-1 50/200 


Ta 


Operating Temperature 


0~70°C 


0-70'C 


Vcc 


Vcc Power Supply Voltage 


5V±5% 


5V±10% 


Vpp 


Vpp Power Supply Voltage 


2.0-Vcc±0.6V 


2.0-Vcc+0.6V 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


„A 


Ilo 


Output Leakage Current 


Vout = 0.4~Vcc 


- 


- 


±10 


*A 


Icci 


Supply Current (Standby) 


CT=Vih 


-15/20 


- 


- 


30 


mA 


-150/200 


- 


- 


35 


ICC2 


Supply. Current (Active) 


CT=Vil 


-15/20 


- 


- 


100 


mA 


-150/200 


- 


- 


120 


VlH 


Input High Voltage 


- 


2.0 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loi. = 2.1mA 


- 


- 


0.4 


V- 


Ippi 


Vpp Current 


Vpp = 0~Vcc + 0.6 


- 


- 


±10 


M A 
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A. C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TMM27128AD-15/150 


TMM27128AD-20/200 


i 
UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


150 


- 


200 


ns 


tCE 


CE to Output Valid 


... 


150 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


70 


ns 


tPGM 


PGM to Output Valid 


- 


70 


- 


70 


ns 


tDFI 


CE to Output in High-Z 





60 





60 


ns 


tDF2 


OE to Output in High-Z 





60 





60 


ns 


tDF3 


PGM to Output in High-Z 





60 





60 


ns 


ton 


Output Data Hold Time 





- 





- 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

CAPACITANCE * (Ta = 25'C. f=iMHz) 



1 TTL Gate and Ci = 100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


- 


4 


6 


pF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


PF 



* This paramater is periodically sampled is not 100% tested. 



TIMING WAVEFORMS (READ) 



A 0~ A 13 



~-0 7 
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HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input. Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5'C. Vcc = 6V±0.25v. V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


aA 


Voh 


Output High Voltage 


| 0H =-400//A 


2.4 


- 


- 


V 


Vol 


Outpu Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5°C, Vcc = 6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


JjS 


tAH 


Address Hold Time 


- 


2 


- 


- 


us 


tCES 


CE Setup Time 


- 


2 


- 


- 


JUS 


tCEH 


CE Hold Time 


- 


2 


- 


- 


MS 


tDS 


Data Setup Time 


- 


2 


- 


- 


fxS 


tDH 


Data Hold Time 


- 


2 


- 


- 


M s 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


MS 


tPW 


Program Pulse Width 


- 


0.95 


1.0 


1.05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


tPRT 


Program pulse Rise Time 


- 


5 


- 


- 


ns 


tPFT 


Program Pulse Fall Time 


- 


5 


- 


- 


ns 


tOE 


OE to Output Valid Valid 


- 


- 


- 


100 


ns 


tDF2 


OE to Output is High-Z 


CE=Vil 


- 


- 


90 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl OOOpF) 
10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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ADDRESSES 



TIMING WAVEFORMS (READ) 



CE 



OE 



MSv 



/ 



&AS 



C CES 



~0 7 UNKNOWN ^ jsMLE) 1 



POM 



V-7 



1 / 

tPFT ± ± 




L OE 



C D OUT \ ) C 

VALID J L 



t DH 



t PRT 



PROGRAM 



PROGRAM 
VERIFY 



INITIAL PROGRAM 



r DF2 



DIN STABLE 



-DS 



\ 



t OPW 



> 



ADDITIONAL PROGRAM 



X 



iWL 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3 . The Vpp supply voltage is permitted up to 1 4V for program operation , so the voltage over 1 4V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27128AD's erasure is achieved by apply- 
ing shortwave ultraviolet light which has a wave- 
length of 2537A (Angstroms) through the chips trans- 
parent window. 

The integrated dose (ultraviolet light intensity 
[W/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



And using commercial lamps whose ultraviolet light 
intensity is 12000 [juw/cm 2 ] will reduce the exposure 
time to about 20 ,minutes. (In this case, the integrated 
dose is 12000 hxw/cm 2 ] X (20X60) [sec] = 15 
[w • sec/cm 2 ] .) 

The TMM27128AD's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail- 
able 



OPERATION INFORMATION 

The TMM27128AD's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 



~~ — ~ -_______J^INNAMES (NUMBER) 

MODE ~~ ______ 


PGM 
(27) 


cF 

(20) 


OE 
(22) 


Vpp 
(D 


Vcc 
(28) 


Oo-O? 
(11-13, 15-19) 


POWER 


READ 

OPERATION 
(Ta = 0~70°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 
(Ta = 25±5"C) 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H : Vih, L : Vil, * : Vih or Vn 



READ MODE 

The TMM27128AD has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent' of 
device selection. 

Assuming that CE = OE = Vil and PGM=Vih, the 
output datajs valid at the-output after address access 
time from stabilizing of all addresses. 



The CE to output valid (tcE) is equal to the address 
access time (tAcc). 

Assuming that CE = Vil, PGM = Vih and all ad- 
dresses are valid, the output is valid at the outputs, 
after toE from the falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 



OUTPUT DESELECT MODE 

Assuming that CE=V| H or OE=V|H, the outputs will 
be in high impedance state. 
Thus, two or more TMM27128AD's can be connected 



together on a common bus line. 

When CE is decoded for device selection, al 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128AD has a low power standby mode 
conntrolled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM27128AD is placed in the standby mode which 



reduces 70% of operating current. The outputs are in 
a hi gh im pedence state, independent of the OE and 
the PGM inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128AD are in the "1" state which is the erased 
state. 

The programming operation introduces "Os" data into 
the desired bit locations by electrical programming. 



The levels required for all inputs are TTL. 

The TMM27128AD can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 



T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5V) is applied to Vpp'terminal, a high level CE or 
PGM input inhibits the TMM27128AD from being 
programmed. 

Programming of two or more TMM271 28AD's in 
parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 1 2 .5V) is 
applied to the Vpp terminal with Vcc = 6V and PGM = 
Vih. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the PGM input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 



program pulse of 1ms is applied and then pro- 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25' times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS= 
NEXT ADDRESS 



C START J 

T 



ADDRESS = 
START ADDRESS 




YES 



X = 



PROORAM lme PULSE 



X = X+1 



NO 




YES 



OVERFROGRAM 3X PULSES OP ljnsec 
OR ONE PULSE OP 3X msec DURATION 



NO 




V CC = 50V 
Vpp=&OV 




K FAIL ) 



PASS 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27128AD which identifies its manufac- 
ture and device type. 

The programming equipment may read out manu- 
facturer code and device code from the TMM2764AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 



TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 



Electric signature mode is set up when 12V is 
applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27128AD. 



^~~~~~-^^_^ PINS 
S I G N ATURE^-—---__ 


A„ 
(10) 


o 7 

(19) 


o 6 

(18) 


(17) 


0, 
(16) 


3 
(15) 


o 2 

(13) 


0, 
(12) 


o„ 

(11) 


HEX. 
DATA 


Manufacture Code 


V,L 


1 








1 


1 











98 


Device Code 


VlH 


1 


1 





1 








1 


1 


D3 



Notes: A9=12V±0.5V __ 

A1-A 8, A10~A13,CE. OE = Vil 
PGM=Vih 
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OUTLINE DRAWINGS 



Unit in mm 







3 7.7 MAX. 








28 27 26 25 24 


7.1- 0.2 








23 22 


21 20 


19 18 17 16 15 






> 


r 


A 




i 

CD 
CD 


0.64 f 





\ 


) 






V, 


J 




1 2 3 4-5 


6 7 


8 9 


10 11 12 13 14 






15.24±Q3 



+ 0.15 
Q25-ai0 



17.4MAX. 



Note 2 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. , 

3. All dimensions are in milimeters. 
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Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 



TMM27128ADI-15 
TMM27128ADI-20 



DESCRIPTION 

The TMM271 28ADI is a 1 6,384 word x 8 bit ultra- 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
27 128ADI's access time is 150ns/200ns, and the 
TMM27128ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 



The standby mode is achieved by applying a TTL- 
high level signal to the CF input. 

For program operation, the program is achieved 
by using the high speed programming mode. 

TheTMM27128ADI is fabricated with the N- 
channel silicon double layer gate MOS technolgy. 



FEATURES 





-15 


-20 


Vcc 


5V±5% 


tACC 


150ns 


200ns 


ICC2 


100mA 


Icci 


30mA 



PIN CONNECTION (TOP VIEW) 



vppc 
A12C 2 

A 7t 3 
A 6 t* 
A5C 5 
A 4 [6 
A 3 [ 7 
A 2 [ 8 
A!t 9 
A [ 10 
[ 11 
OjlC 12 
2 [ 13 
ONDC 14 



] V CC 

]POM 

]Ai3 

]A 8 

]A 9 

]A]_1 

]0E 

JMp 

]CE 

]0 7 

]0 6 

D0 5 

3O4 
]0 3 



PIN NAMES 



• Wide operating temparature range -40~85°C 

• Full static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 
o Pin compatible with i27128A 



BLOCK DIAGRAM 

V PP OND V CC 
1 1 1 



C~E < 

PQMC 



A6c 

A7c 

ASt 

A9c 

AlOc 

Allt 

AlZc 

Al3c 



OE CE arclPOM 
CIRCUIT 



°0 °1 °2 3 4 5 6 7 

? ? ii f 1 ? ? 



COLUMN 
DECODER 



ROW 
DECODER 



OUTPUT BUFFERS 




* 


64 


COLUMN I/O 
CIRCUIT 






\ 


256 


MEMOBY CELL 

ARRAY 

1&384X8 Dite 





MODE SELECTION 



Ao~An 


Address Inputs 


O0--O7 


Outputs (Inputs) 


CE" 


Chip Enable Input 


OE 


Output Enable Input 


PGM" 


Program Control Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



~"~\^ PIN 

MODE^\^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(D 


Vcc 
(28) 


Oo~0? 
(11-13, 15-19) 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 


L 


L 


► * 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 


Data Out 



Note * : H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


v 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260-10 


"C-sec 


TsTRG 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


-40-85 


•c 



REA D OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27128ADI-15/20 


Ta 


Operating Temperature 


-40-85'C 


Vcc 


Vcc Power Supply Voltage 


5V±5% 


Vpp 


Vpp Power Supply Voltage 


2.0~Vcc±0.6V 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


I u 


Input Current 


Vin = 0-Vcc 


- ' 


.- 


±10 


*A 


Ilo 


Output Leakage Current 


Vout = 0.4~Vcc 


- 


- 


±10 


M A 


Icci 


Supply Current (Standby) 


CE=Vih 


- 


- 


35 


mA 


ICC2 


Supply Current (Active) 


CE = Vil 


- 


- 


120 


mA 


VlH 


Input High Voltage 


- 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


| 0H =-400^A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0-Vcc+0.6 


- 


- 


±10 


*A 
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A. C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TMM27128ADI-15 


TMM27128ADI-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


150 


- 


200 


ns 


tCE 


CE to Output Valid 


- 


150 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


70 


ns 


tPGM 


PGM to Output Valid 


- 


70 


- 


70 


ns 


tDF 1 


CE to Output in High-Z 





60 





60 


ns 


tDF2 


OE to Output in High-Z 





60 





60 


ns 


tDF3 


PGM to Output in High-Z 





60 





60 


ns 


ton 


Output Data Hold Time 





- 





- 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 
o Input Pulse Levels 

• Timing Measurement Reference Level 

CAPACITANCE * (Ta = 25'C. f=iMHz) 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


- 


4 


6 


PF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


PF 



* This paramater is periodically sampled is not 100% tested. 



TIMING WAVEFORMS (READ) 

zyrzz 



A 0~~ A 13 




K 



t CE 




7, 



~0 7 



HIOH Z 



A 



V/y 



-DF2 



t DF3 



DATA OUTPUTS 



CL 



\S 



HIQH Z 
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HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Wc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5 C v cc = 6V±0.25v, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


In 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


M A 


VOH 


Output High Voltage 


| 0H =-400//A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5'C, V CC =6V±0.25V. V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


M s 


tAH 


Address Hold Time 


' - 


2 


- 


- 


ftS 


tCES 


CE Setup Time 


- 


2 


- 


- 


US 


tCEH 


CE Hold Time 


- 


2 


- 


- 


US 


tDS 


Data Setup Time 


- 


2 


- 


- 


us 


tDH 


Data Hold Time 


- 


2 


- 


- 


MS 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


MS 


tPW 


Program Pulse Width 


- 


0.95 


1.0 


1.05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


tPRT 


Program pulse Rise Time 


- 


5 


- 


- 


ns 


tPFT 


Program Pulse Fall Time 


- 


5 


- 


- 


ns 


tOE 


OE to Output Valid Valid 


- 


- 


- 


100 


ns 


tDF2 


OE to Output is High-Z 


ce"=Vil 


- 


- 


90 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl dOOpF) 

10ns Max. 

0. 45V to 2.4V 

Input 0.8V and 2.0V. Output 0.8V and 2.0V 
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TIMING WAVEFORMS (READ) 



TMM27128ADI-15 
TMM27128ADI-20 



ADDRESSES 



M^ 



OE 



/ 



D AS 



t CES 



~0 7 UNKNOWN ^ ^stable) 1 



C DS 



V^ 



t PFT "t r 



laa 



D OE 



; L POUT \ f 
\ VALID ? \ 



L DH 



D PRT 



PROQRAM 



PROORAM 
VERIFY 



INITIAL PROGRAM 



t DF2 



''AH 



DIN STABLE 



\ 



tOPW 



X 



C DH 



/ 



PROQRAM 



ADDITIONAL PROQRAM 



X 



MZl 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27128ADI's erasure is achieved by apply- 
ing shortwave ultraviolet light which has a wave- 
length of 2537A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[W/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



And using commercial lamps whose ultraviolet light 
intensity is 12000 [/i.w/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [^w/cm 2 ] X (20X60) [sec] = 15 
[w ■ sec/cm 2 ] .) 

The TMM271 28ADI's erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail- 
able 



OPERATION INFORMATION 

The TMM271 28ADI's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 



" — - ____^ PIN NAME (MODE) 

MODE ___________ 


PGM 
(27) 


CE~ 
(20) 


OE 
(22) 


Vpp 
(D 


Vcc 
(28) 


Oo-O? 
(11-13, 15-19) 


POWER 


READ 

OPERATION 
(Ta = -40~85°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 
(Ta = 25±5*C) 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note H : Vih, L : ; Vil, * : Vih or Vil 



READ MODE 

The TMM27128ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vil and PGM = Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 



The CE to output valid (tcE) is equal to the address 
access time (tAcc). ._ 

Assuming that CE = Vil, PGM = Vih and all ad- 
dresses are valid, the output is valid at the outputs, 
after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 



OUTPUT DESELECT MODE 

Assuming that CE=V|h or OE=V|h, the outputs will 
be in high impedance state. 
So two or more TMM27128ADI's can be connected 



together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM27128ADI is placed in the standby mode which 



reduces 70% of operating current. The outputs are 
the n in a hi gh im pedence state, independent of the 
OE and the PGM inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128ADI are in the "1" state which is the 
erased state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program- 



ming. 

The levels required for all inputs are TTL. 

The TMM27128ADI can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 



T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5V ) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128ADI from being 
programmed. 

Programming of two or moreTMM271 28ADI's in 
parallel with different data is easily accomplished. 



That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 1 2 .5V) is 
applied to the Vpp terminal with Vcc = 6V and PGM = 
Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 



program pulse of 1 ms is applied and then pro- 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc^Vpp 
= 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = 
NEXT ADDRESS 



C 



3 



ADDRESS = 
START ADDRESS 



Vnn = 6V 



I 



Vpp = 12.5 V 




YES 



PROGRAM lme PULSE 



X = X+1 



NO 




YES 



OVERFROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 



NO 




V cc =£xOV 

Vpp=aov 




L( FAIL ) 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27128ADI which identifies its manu- 
facture and device type. 

The programming equipment may read out manufac- 
turer code and device code from the TMM27128ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 



applied to address line A9 and the rest of address 
lines are set to V|l in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of 
TMM27128ADI. 



^-~~--~-^_^ PINS 
S I G N AT L IRE~~ - — ___ 


A 
(10) 


o 7 

(19) 


o 6 

(18) 


o 5 

(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


0, 
(12) 


O 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 


1 


1 





1 








1 


1 


D3 



Notes: A9 = 12V±0.5V 

A1-A 8. A10~A13.CE. OE = Vu 
PGM=Vih 
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OUTLINE DRAWINGS 



Unit in mm 



A 



7.1 ±0.2 



28 27 26 25 24 



23 22 21 20 



19 18 17 16 15 



1 2 3 4 5 6 7 8 9' 10 11 12 13 14 




2.5 4±Q2 5 




1.3±025 



+ 015 
.046-010 



Note 1 



15.24 + 03 



/f 



+ 015 
' — Q2 5-Q10 



17.4 MAX. 



Note 2 



Note : 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 



Note . Toshiba does not assume any responsibility lor use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
£'M ay.. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 



TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 



DESCRIPTION 

The TMM27256AD is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program- 
mable read only memory. 

For read operation, the TMM27256AD's access 
time is 1 50ns/200ns, and the TMM27256AD oper- 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis- 
sipation without increasing access time. The standby 



mode is achieved by applying aTTL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256AD is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 



FEATURES 





-15 


-20 


-150 


-200 


Vcc 


5V±5% 


5V±10% 


tACC 


150ns 


200ns 


150ns 


200ns 


ICC2 


100mA 


120mA 


Icci 


30mA 


35mA 



PIN CONNECTION (TOP VIEW) 



vppc 1 

A12C 2 
A 7 [ 3 
A6 [ 4 
A5 [ 5 
A4 t 6 
A3 [ 7 
A2[ 8 
Al I 9 
AO t 10 

00 [ 11 

01 C 12 

02 C 13 
ONDt 14 



28p VCC 

A14 

) A13 



J OE 



] 05 
] 04 



• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i 27256 

• Standard 28 pin DIP cerdip package 



BLOCK DIAGRAM 



A10 
All 
A12 
A13 
A14 



Vpp OND V CC 
1 f T 



00 01 02 03 04 05 06 07 

,n ? n ; > ? 





0~E (TE 
CIRCUIT 




OUTPUT BUFFERS 




1 




1 




L 




CO 
« 

Gt. 

a 

CO 

u 

IS 

a 
< 


6 


COLUMN 
DECODER 








64 


COLUMN I/O 
CIRCUIT 












| 




\ 




9 


ROW 
DECODER 


512 


MEMORY CELL 
ARRAY 
32,768X8 bite 








£: 













PIN NAMES 



MODE SELECTION 



Ao~Ai4 


Address Inputs 


Oo~0y 


Outputs (Inputs) 


CE" 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



~^-^^ PIN 

MODE"-\^ 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo~0? 
(11-13, 15-19) 


POWER 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


H 


* 


High Impedance 


Program 
Verify 


* 


L 


Data Out 



Note * : H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


Vio 


Input/Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260- 10 


'C-sec 


TsTG. 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


0-70 


•c 



READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS! 



SYMBOL 


PARAMETER 


TMM27256AD-15/20 


TMM27256AD-1 50/200 


Ta 


Operating Temperature 


0~70°C 


0-70°C 


Vcc 


Vcc Power Supply Voltage 


5V±5% 


5V±10% 


Vpp 


Vpp Power Supply Voltage 


2.0~Vcc±0.6V 


2.0-Vcc + 0.6V 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


M A 


Ilo 


Output Leakage Current 


Vout = 0.4~Vcc 


- 


- 


±10 


^a 


Icci 


Supply Current (Standby) 


CE=Vih 


-15/20 


- 


- 


30 


mA 


-150/200 


- 


- 


35 


ICC2 


Supply Current (Active) 


CE = Vil 


-15/20 


- 


- 


100 


mA 


-150/200 


- 


- 


120 


VlH 


Input High Voltage 


- 


2.0 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc + 0.6 


- 


- 


±10 


M A 



A.C. CHARACTERISTICS 



(Ta = 0~70'C, Vcc = 5V±5%, Vpp = 2.0V~Vcc+0.6V) 





PARAMETER 


TEST CONDITION 


TMM27256AD-15/150 


TMM27256AD-20/200 


UNIT 




MIN. 


MAX. 


MIN. 


MAX. 


t .:■ 


; '>d dress Access Time 


CE"=OE = Vil 


- 


150 


- 


200 


ns 


tCE 


cTto Output Valid 


OE=Vil 


- 


150 


- 


200 


ns 


tOE 


OE to Output Valid 


CE"=Vil 


- 


70 


- 


70 


ns 


ton 


cTto Output in High-Z 


OE=Vil 





60 





60 


ns 


tDF2 


OE to Output in High-Z 


CE=Vil 





60 





60 


ns 


tOH 


Output Data Hold Time 


cT=OE=Vil 





- 





- 


ns 



A C. Test Conditions 

* Output Load 

« !nput Pulse Rise and Fall Times 

*!> Input Pulse Levels 

® Timing Measurement Reference Level 



1 TTL Gate and Ci.= 100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25-C, f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


- 


4 


6 


PF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


PF 



* This paramater is periodically sampled and is not 100% tested. 
TIMING WAVEFORMS (READ) 



A0—A14 


"*l 


'. 




X 














C CE 




tOH 








: 










cF 


M 


^ 


a 


% 


w/ t 


'///////////, 








tOE 






t-DFl 








^ 


r 












OE 


M 


M 


/, 


w//, 


W, 


'/, 


'////////, 






t ACC 






t-YiYZ 










Y 












HIQH Z ////. 




WA 


"V. HIQH Z 










\/A 






-, 


2 



PROGRAM OPERATION 
DC. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1 .0 


V 


V.L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = 25±5'C. V CC =6V±0.25V, V PP = 12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


In 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


^A 


Voh 


Output High Voltage 


Ioh = -400//A " 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 
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A. C. PROGRAMMING CHARACTERISTICS "(Ta = 25±5'C. Vcc = 6V±0.25V. Vpp=12.5V±o.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX.i 


UNIT 


tAS 


Address Setup Time 


- 


2 


_ 


- I 


M s 


tAH 


Address Hold Time 


- 


2 


- 


- | *s 


tCES 


CE Setup Time 


- 





- 


— i ns 


tCEH 


CffHold Time 


- 





- 


l -j— 


ns 


tOES 


OE Setup Time 


- 


2 


- 




MS 


tDS 


Data Setup Time 


- 


2 


- 


i 


MS 


tDH 


Data Hold Time 


- 


2 


- 4 


- 


MS 


tvPS 


Vpp Setup Time 


- 


2 


h ~~- 




MS 


tvcs 


Vcc Setup Time 


- 


2 


- 


j 


MS 


tPW 


Initial Program Pulse Width 


CE = Vil. OE = Vm 


0.95 


1 


1.05 | 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 J78.75! 


ms 


tOE 


OE to Output Valid 


CE = Vih 


- 


- j 150 j 


ns , 


tDEF 


OE to Output in High-Z 


CE = Vm 


... 


— ' 1 "30 ' 


_ n f_. _j 



A C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 



Note 



TIMING WAVEFORMS (PROGRAM) 

(V CC = 6V + 0.25V. Vpp = 12.5V±0.5V) 




Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 
Removing the device from socket and setting the device in socket with Vpp = 1 2.5V may cause permanent 
damage to the device. 

The Vpp supply voltage is permitted up to 1 4V for program operation , so the voltage over 1 4V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27256AD's erasure is achieved by apply- 
ing shortwave ultraviolet light which has a wave- 
length of 2537A (Angstroms) through the chips trans- 
parent window. 

The integrated dose (ultraviolet light intensity 
[w/cm 2 ] X exposure time. [sec.]) for erasure should be 
a minimum of 15 [w- sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



OPERATION INFORMATION 

TheTMM27256AD's six operation modes are list- 
ed in the following table. Mode selection can be 



And using commercial lamps whose ultraviolet light 
intensity is 12000 [/iw/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [/iw/cm 2 ] X (20X60) [sec] ss 15 
[w- sec/cm 2 ] .) 

The TMM27256AD's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail- 
able 



achieved by applying TTL level signal to all inputs. 



~ " PIN NAMES(NUMBER) 

MODE " ■ -—_____ 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O? 
(11-13. 15-19) 


POWER 


Read Operation 
(Ta = 0-70*0 


Read 


L 


L 


5 V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Active 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta = 25±5'C) 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


H 


* 


High Impedance 


Active 


Program Verify 


* 


L 


Data Out 


Active 



Note H : Vih. L : Vil. * : Vih or Vn 



READ MODE 

The TMM27256AD has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE = OE = Vil, the output data is 
valid at the outputs after address access time from 



stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address 
access time (tAcc). 

Assuming that CE = Vil and all addresses are 
valid, the output data is valid at the outputs after toE 
from the falling edge of OE. 



OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE=ViH.the outputs 
will be in a high impedance state. 

So two or more TMM27256AD's can be con- 



nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27256AD has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256AD is placed in standby mode which 



reduces the operating current by 70%. The outputs 
are then in a high impedence state, independent of 
the OE inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27256AD are in the "1 " state which is the erased 
state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program- 
ming. 



The TMM27256AD is in the programming mode 
when the V input is at 1 2.5V and CE is at TTL-Low with 
OE=V| H . 

The TMM27256AD can be programmed at any 
location, anytime — either individually, sequentially or 
at randomly. 



PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 



The verify is accomplished with OE of Vil and CE 
Vih or Vil. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage (_+_ 
12.5V) is applied to Vpp terminal, a high level CE 
input inhibits the TMM27256AD from being pro- 
grammed. 

Programming of two or more TMM27256ADs in 
parallel with different data is easily accomplished. 



That is , all inputs except for CE and OE may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other 
devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (+ 12.5V) is 
applied to the Vpp terminal with Vcc =6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 



program pulse of 1ms is applied and then the pro- 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 
After correctly programming the selected 
the additional program pulse with width 
that needed for initial programming is 



address, 
3 times 
applied. 

When programming has been completed, 
data in all addresses should be verified with Vcc = 
= 5V. 



the 
Vpp 
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HIGH SPEED PROGRAM MODE FLOW CHART 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27256AD which identifies its manu- 
facture and device type. 

The programming equipment may read out manufac- 
turer code and device code from the TMM27256AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 



applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27256AD. 



^"~^-_^^ PINS 
SIGNATURlP^~^^ 


Ao 
(10) 


07 

(19) 


06 

(18) 


o 5 

(17) 


04 

6) 


03 

(15) 


02 

(13) 


Oi 
(12) 


Oo 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 





1 





1 





1 








54 



Notes: A 9 = 12V±0.5V 

At -A 8 , Aio-Aia. CE~, 0E---=Vil 

OUTLINE DRAWINGS 



Unit in mm 



,» 



rq64 y 7y 



Nm 



X 
N 














1 1 






mm 

1 2.54±0.25 | 








II U U u U 

1.3±U25 


f 






■H 




Note 1 


+ Q15 
a46-CU0 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 



TMM27256ADI-15 
TMM27256ADI-20 



DESCRIPTION 

The TMM27256ADI is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program- 
mable read only memory. 

For read operation. The TMM27256ADI's access 
time is 150ns/200ns, and the TMM27256ADI oper- 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis- 
sipation without increasing access time. The standby 



mode is achieved by applying aTTL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256ADI is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 



FEATURES 





-15 


-20 


Vcc 


5V±5% 


tACC 


150ns 


200ns 


ICC2 


100mA 


lea 


30mA 



PIN CONNECTION (TOP VIEW) 



vppc l 

A12C 2 
A 7 [ 3 
A6 ( 4 
A5( 5 
A4 [ 6 
A3 [ 7 
A2[ 8 
Al I 9 
AOl 10 

00 C 11 

01 [ 12 

02 C 13 
ONDC 14 



] Vcc 

] A14 

A13 



] OE 
A10 

1 c¥ 



] 03 



PIN NAMES 



Ao~Ai4 


Address Inputs 


Oo-O? 


Outputs (Inputs) 


CE" 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



• Wide operating temparature range — 40~85°C 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i27256 

• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

Vpp OND V cc 00 01 02 03 04 05 06 07 



OE o — 
CEo— 


o"E C"E 
CIRCUIT 




OUTPUT BUFFERS 




1 


6 


1 




t 




u 


COLUMN 
DECODER 






Al o_ 


64 


COLUMN I/O 
CIRCUIT 


AZ o—| 
A3o — 1 


9 




A4 o— 


| 




I 


A6 o— 
A 7 0— 


NOW 
DECODER 


512 


MEMORY -CELL 
ARBAY 
32,768X8 M te 


A9o— 
A10O— 
Alio— 
A12o— 
A130— 
A140— 















MODE SELECTION 



~~\^^ PIN 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo~0 7 
(11-13, 15-19) 


POWER 


Read . 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


H 


* 


High Impedance 


Program 
Verify 


* 


L 


Data Out 



Note * • H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


Vin 


Input Voltage 


-0.6-7.0 


V 


Vio 


Input/Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260-10 


'C-sec 


TsTG 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


-40~85°C 


■c 



READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27256ADI-15/20 


Ta 


Operating Temperature 


-40-85'C 


Vcc 


Vcc Power Supply Voltage 


5V±5% 


Vpp 


Vpp Power Supply Voltage 


2.2~Vcc±0.6V 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


• ±10 


*A 


Ilo 


Output Leakage Current 


Vout = 0.4~Vcc 


- 


- 


±10 


AiA 


Icci 


Supply Current (Standby) 


CF=Vih 


- 


- 


35 


mA 


ICC2 


Supply Current (Active) 


CE=Vil 


- 


- 


120 


mA 


VlH 


Input High Voltage 


- 


2.2 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


Voh 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6 


- 


- 


±10 


„A 



A.C. CHARACTERISTICS 



(Ta = -40~85'C, Vcc=5V±5%, Vpp = 2.0V~Vcc+0.6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


TMM27256AD-15 


TMM27256AD-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


cT = OE=Vil 


- 


150 


- 


200 


ns 


tCE 


CE to Output Valid 


OE=Vil 


- 


150 


- 


200 


ns 


tOE 


OE to Output Valid 


CE=Vil 


- 


70 


- 


70 


ns 


tDF1 


CE to Output in High-Z 


OE=Vil 





60 





60 


ns 


tDF2 


OE to Output in High-Z 


CE"=Vil 





60 





60 


ns 


tOH 


Output Data Hold Time 


CE = OE = Vil 





- 





- 


ns 



A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl= 1 0OpF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

r 
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CAPACITANCE * (Ta = 25'C, f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


- 


4 


6 


PF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


pF 



* This paramater is periodically sampled and is not 100% tested. 
TIMING WAVEFORMS (READ) 





'■ " ""■ > 


X 








1 


l CE 




3H 


w\ 


^ 


: 


//////////////////A 






tOE 






tDFl 








^ 


r 










m 


M 


/////////////, 


W/M 






t ACC 




tDF2 








/777K/ 






« 




HIQH Z 




V HIGH Z 








\2227^ 


DATA OUTPUT£ 




_j 


} 



PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


■ VlH 


Input High Voltage 


2.2 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = 25±5"C. Vcc=6V±0.25V. V PP = 12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


PA 


Voh 


Output High Voltage 


Ioh=-400^A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5'C. Vcc = 6V±0.25V. Vpp=12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


tAH 


Address Hold Time 


- 


2 


- 


- 


us 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE" Hold Time 


- 





- 


- 


ns 


tOFS 


OE Setup Time 


- 


2 


- 


- 


us 


tos 


Data Setup Time 


- 


2 


- 


- 


us 


tDH 


Data Hold Time 


- 


2 


- 


- 


us 


tVPS 


Vpp Setup Time 


- 


2 


- 


- 


us 


tvcs 


Vcc Setup Time 


- 


2 


- 


- 


us 


tPW 


Initial Program Pulse Width 


cT=Vl. OE=Vm 


0.95 


1 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


tOE 


OE to Output Valid 


CE = Vih 


- 


- 


150 


ns 


tnFF OE to Output in High-Z 


CT=Vih 


... 


- 


130 


ns 



A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl OOOpF) 

10ns Max. 

0.45Vto 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 



TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±0.25V, Vpp=1 2.5V±0.5V) 




Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM27256ADI's erasure is achieved by apply- 
ing shortwave ultraviolet light which has a wave- 
length of 2537A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w- sec/cm 2 ] 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



OPERATION INFORMATION 

The TMM27256ADI's six operation modes are list- 
ed in the following table. Mode selection can be 



TIKIM27256ADM5 
TMM27256ADI-20 



And using commercial lamps with an ultraviolet light 
intensity of 1 2000 [juw/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 J/iw/cm 2 ] X (20X60) [sec] as 15 
[w- sec/cm 2 ] .) 

The TMM27256ADI's erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Both Sunlight and flourescent lamps include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 



achieved by applying TTL level signal to all inputs. 



~~~-~— — _ _____HN NAMES(NUMBER) 

MODE ~~ " 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


Oo-O? 
(11 -13. 15-19) 


POWER 


Read Operation 
(Ta=-40~85-C) 


Read 


L 


L 


5 V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Active 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta = 25±5'C) 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


H 


* 


High Impedance 


Active 


Program Verify 


* 


L 


Data Out 


Active 



Note H : Vih, L : Vn, * : Vih or Vn 



READ MODE 

The TMM27256ADI_has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CT==oT_=V|i_, the output data is valid 
at the outputs after the address access time from 



stabilizing of all addressess. 

The CE to output valid (trjE) time is equal to the 
address access time (tACC)- 

Assuming that CE=V|[_ and all addresses are valid, 
the output data is valid at the outputs after tQE from 
the falling edge of CE. 



OUTPUT DESELECT MODE 

With CE=V|h or OE=V|h, outputs will be in high 
impedance state. 
Therefore two or more TMM27256ADI's can be con- 



nected together on a common bus line. 

When CE is decoded for device selection, al 
deselected devices are in low power standby mode. 
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TMMZ7Z56ADH5 
TMM27256ADI-20 



STANDBY MODE 

The TMM27256ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256ADI is placed in the standby mode which 



reduces 70% of operating current by applying TTL- 
high level (Vcc)- Tne outputs_are in a high impedence 
state, independent of the OE inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27256ADI are in the "1" state which is the 
erased state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program- 
ming. 



The TMM27256ADI is in the programming mode 
when the_Vpp input is at 12.5V and CE is at TTL-Low 
under OE=V|H- 

The TMM27256ADI can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 



PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 



The verify is accomplished with OE of Vil and CE 
Vih or Vil. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+_ 
12.5V) is applied to Vpp terminal, a high level CE 
input inhibits the TMM27256ADI from being pro- 
grammed. 

Programming of two or more TMM27256ADI's in 
parallel with different data is easily accomplished. 



That is , all inputs except for CE and OE may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other 
devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (+ 12.5V) >? 
applied to the Vpp terminal with Vcc = 6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 



program pulse of 1 ms is applied and then the pro- 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times) . 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



TMM27256ADM5 
TMM27256ADI-20 



ADDRESS = 
NEXT ADDRESS 



C START J 



ADDRESS = 
START ADDRESS 




YES 



X = 



5L 



PROGRAM 1ms PULSE 

\ : 



X = X+1 



NO 




YES 



OVERPROQRAM 3X PULSES OF lmsec 
OR ONE PULSE OP 3X msec DURATION 



NO 




K 



FAIL 



D 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27256ADI which identifies its manu- 
facture and device type. 

The programming equipment may read out manufac- 
turer code and device code from the TMM27256ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 



applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27256ADI. 



~^~^~-__ PINS 
SIGNATURE~^-~~--^__ 


Ao 
(10) 


07 

(19) 


06 

(18) 


05 

(17) 


04 

("16) 


03 

(15) 


02 

(13) 


Oi 
(12) 


Oo 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


Vim 





1 

U -- . — i 





1 





1 








54 



Notes: A 9 = 12V±0.5V _ 

Ai-A 8 , Aio-Au, CE. OE^Vil 

OUTLINE DRAWINGS 



<f=^ 



J? 



X 
















I 1 




5 


n 


mm 

2.54±Q25 1 


KTOTOT^ 






III II 01 

1.3±U2 5 


E- 






-H 
w 






Note 1 


+ 0.15 
CL46-CU0 



fr 



Unit in mm 



Note 2 

Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 

Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at anv '.ime 

without notice, to change said circuitry 
^May. 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABEL READ ONLY 
MEMORY 



TC57256D-20 
TC57256D-25 



SILICON STACKED GATE MOS 



DESCRIPTION 

The TC57256D is a 32,768 word X8 bit CMOS 
ultraviolet light erasable and electrically program- 
mable read only memory. For read operation, the 
TC57256D's access time is 200ns, and the TC57256D 
operates from a single 5-volt power supply and has 
low power standby mode which reduces the power 
dissipation without increasing access time. The stand- 
by mode is achieved by applying a TTL-high level 
signal to the CE input. Advanced CMOS technology 
reduces the maximum active current to 30 mA/5MHz 



and standby current to 100juA. 

For program operation, the programming is achiev- 
ed by using the high speed programming mode. 
Program supply voltage is 21V. The programming of 
the TC57256D is accomplished within one and a half 
minutes (typ.) TC57256D is fabricated using CMOS 
technology and N-channel silicon double layer gate 
MOS technology. 



FEATURES 

► Peripheral circuit: CMOS 
Memory cell : N-MOS 

► Low power dissipation 

30mA/5MHZ (active) 
100/iA (standby) 

► Fast access time TC57256D-20 200 ns 

TC57256D-25 250 ns 



• Single 5V power supply 

• Full static operation 

• High speed programming mode 



o Inputs and outputs TTL compatible 

• Pin compatible with ROMS TC53257P, TMM23256P 
- and EPROM i27256 

• Standard 28 pin DIP cerdip Package 



PIN CONNECTION (TOP VIEW) 



*6 t 
AS [ 
A«t 



A £ 

OoC 



3o 4 

]o, 



BLOCK DIAGRAM 



Vpp QND V CC 00 01 02 03 04 05 06 07 

? ? t T i i i i 



OUTPUT BUFFERS 



MEMORY CELL 

ARRAY 

32.768 -Bbiti 



PIN NAMES 



MODE SELECTION 



A ~ A, 4 


Address Inputs 


~0 7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply 
Voltage 


v C c 


Vcc Supply Voltage 
(+5V) 


GND 


Ground 



"~^\^^ PIN 

MODE^^^^ 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 

(28) 


O ~0 7 
(11 -13, 15-19) 


POWER 


Read 


L 


L 


5V 


5V 


Data Out 


•Active 


Output Deselect 


* 


H 


5V 


High Impedance 


Standby 


H 


* 


5V 


High Impedance 


Standby 


Program 


L 


H 


21V 


6V 


Data In 


Active 


Program Inhibit 


H 


* 


High Impedance 


Program Verify 


L 


L 


Data Out 



H or L 
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TC57256D-20 
TC57256D-25 

MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6 ~ 7.0 


V 


v PP 


Program Supply Voltage 


-0.6 ~ 22.0 


V 


V|N 


Input Voltage 


-0.6 ~ 7.0 


V 


V|/o 


Input/Output Voltage 


-0.6 ~ V CC + 0.5 


V 


Pd 


Power Dissipation 


1.5 


W 


^SOLDER 


Soldering Temperature Time 


260- 10 


°C • sec 


TSTRG 


Storage Temperature 


-65-125 


°C 


Tqpr 


Operating Temperature 


-40 ~ 85 


°C 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V| H 


Input High Voltage 


2.2 


- 


V CC + 0.3 


V 


Vil 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


V CC + 0.3 


V 



DC and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, V cc = 5V ±5%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input current 


V| N = o ~ V cc 


- 


- 


±10 


MA 


>CC01 


Operating Current 


CE=0 . 


f=5MHz 


- 


- 


30 


mA 


'CC02 


f= 1MHz 


- 


- 


10 


mA 


'ccsi 


Standby Current 


CE=V| H 


-• 


- 


1 


mA 


'CCS2 


CE = V CC -0.2V 


- 


- 


100 


MA 


V H 


Output High Voltage 


Iqh = -400/iA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


Iql = 2.1mA 


- 


- 


0.4 


V 


>PP1 


Vpp Current 


Vpp = ~ V C c + °-3V 


- 


- 


±10 


ma 


Ilo 


Output, Leakage Current 


Vqut = 0.4V ~ V CC 


- 


- 


±10 


/iA 



A.C. CHARACTERISTICS (Ta = -40 ~ 85° C, V C c = 5V ±5%, V PP = 2.0V ~ V C c + 0.3V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC57256D-20 


TC57256D-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


*ACC 


Address Access Time 


CE =OE = Vn 


— 


200 


_ 


250 


ns 


tCE 


CE to Output Valid 


OE = V, L 


- 


200 


- 


250 


ns 


tOE 


OE to Output Valid 


CE=V, L 


- 


70 


- 


100 


ns 


tDF1 


CE to Output in High-Z 


OE = V, L 





60 





90 


ns 


*DF2 


OE to Output in High-Z 


CE=V, L 





60 





90 


ns 


tQH 


Output Data Hold Time 


CE =OE = V, L 










- 


ns 



Ale. TEST CONDITONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Mesurement Reference Level 



1 TTL Gate and C L = 100pF 

10 ns Max. 

0.45 ~ 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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CAPACITANCE *(Ta = 25° C, f = 1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C|N 


Input Capacitance 


■v IN = OV 


- 


4 


6 


PF 


COUT 


Output Capacitance 


Vqut = OV 


- 


8 


12 


PF 



'This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 




PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V| H 


Input High Voltage 


2.2 


- 


Vcc + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vqc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


V PP 


Vpp Power Supply Voltage 


20.5 


21.0 


21.5 


V 


D.C. and OPERATING CHARACTERISTICS (Ta = 25 ±5°C, V CC = 6V ±0.25V, V PP = 21V ±0.5) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V| N = ~ V CC 


- 


- 


±10 


/uA 


V H 


Output High Voltage 


Iqh = -400/*A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I l = 2.1mA 


- 


- 


0.4 


V 


'cc 


Vcc Supply Current 


- 


- 


- 


30 


mA 


l P P2 


Vpp Supply Current 


Vpp = 21.5V 


- 


- 


30 


mA 


AC. PROGRAMMING CHARACTERISTICS (Ta = 25 ±5°C, V cc = 6V ± 0.25V, V PP = 21V ±0.5) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


Us 


*AH 


Address Hold Time 


- 


2 


- 


- 


US 


tCES 


CE Setup Time 


- 


2 


— 


— 


U$ 


tCEH 


CE Hold Time 


- 


2 


- 


— 


US 


tOES 


OE Setup Time 


- 


2 


- 


— 


US 


tfJEH 


OE Hold Time 


- 


2 


- 


- 


US 


tDS 


Data Setup Time 


- 


2 


- 


- 


US 


tDH 


Data Hold Time 


- 


2 


- 


- 


us 


tvs 


Vpp Setup Time 


- 


2 


- 


— 


Us 


tpw 


Initial Program Pulse Width 


CE=V, l .OE = V,h 


0.95 


1 


1.05 


ms 


topw 


Overprogram Pulse Width 


Note 1 


0.95 


1 


21 


ms 


tDV 


CE to Output Valid 


OE = V, L 


- 


- 


1 


US 


tDF1 


CE to Output in High-Z 


OE = V IL 


- 


- 


150 


ns 
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TC57256D-20 
TC572S6D-25 

A.C. TEST CONDITIONS S 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and C L OOOpF) 

10 ns Max. 

0.45 ~ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1 : The length of the overprogram pulse may vary at function of the counter value X. 



TIMING WAVE FORMS (PROG RAM) 
(V CC = 6V ± 0.25V, V P p = 21V ± 0.5V) 



An ~Ai4 



Oq ~o 7 



X 



*AS 



tCES t OES 



*DF1 



V PP 7 



tys 



tQS 



t PW 



tCEH 



tDH 



*DV 



}— ^ DIN STABLE ^ ^ °°^l ) ( DIN STABLE \ 



tQEH tCES 



T AH 



X 



/ 



t DF1 



PROGRAM 
VERIFY 



INITIAL PROGRAM 



OVER PROGRAM 



Note: (1 ) Vcc must lDe a PP'' ec ' simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 

(2) Removing the device from socket and setting the device in socket with Vpp=21 V may cause permanent 
damage to the device. 

(3) The Vpp supply voltage is permitted up to 22V for program operation; voltages over 22V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 22V. 
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ERASURE CHARACTERISTICS 

The TC57256D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength ot 
2537A (Angstroms) through the chips transparent 
window. 

The integrated dose (ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w- sec/cm 2 ] 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 



And using commercial lamps with an ultraviolet light 
intensity of 12000 [juw/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [jiw/cm 2 ] X (20X60) [sec] s* 15 
[w- sec/cm 2 ] .) 

The TC57256D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Both sunlight and flourescent lamps include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 



OPERATION INFORMATION 

The TC57256D's six operation modes are listed 
in the following table. Mode selection can be achieved 



by applying TTL level signal to all inputs. 



" — — EJ_N_NAMES (NUMBER) 

MODE ' _____ 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


O ~O 7 
(11 -13.15-19) 


POWER 


Read Operation 
(Ta = -40 ~ 85°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Active 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta = 25 ±5°C) 


Program 


L 


H 


21V 


6V 


Data In 


Active 


Programlnhibit 


H 


* 


High Impedance 


Active 


Program Verify 


L 


L 


Data Out 


Active 



Note: H; V| H , L; V| L , *;V| H or V| L 



READ MODE 

The TC57256D has two control functions. The chip 
enable (CE) controls the operation power and should 
be used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=V||_, the output data is valid 



at the outputs after the address access. time from 
stabilizing of all addressess. 

The CE to output valid (tQE) ^ me ' s equal to the 
address access time (t-ACC)- 

Assuming that CE=V||_ and all addresses are valid, 
the output data is valid at the outputs after tQE f rom 
the falling edge of CE. 
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OUTPUT DESELECT MODE 

With CE=V|h or OE=V|h, the outputs will be in high 
impedance state. 
Therefore two or more TC57256D's can be connected 



together on a common bus line. 

When CE is decoded for device selection, al 
deselected devices are in low power standby mode. 



STANDBY MODE 

The TC57256D_has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the CE input, the 
TC57256D is placed in the standby mode which 



reduces the operating current to 100/xA. The outputs 
will be in a high impedence state, independent of the 
OEinputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of the 
TC57256D are in the "1" state which is the erased 
state. 

The programming operation introduces "Os" data 
into the desired bit locations by electrical program- 
ming. 



The TC57256D is in the programming mode when 
the Vp P j n p Ut js at 2 1 v and CE is at TTL-Low OE=V||-|. 

The TC57256D can be programmed at any location, 
anytime — either individually, sequentially or at ran- 
domly. 



PROGRAM VERI FY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 



The verify is accomplished with OE and CE at V||_. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage_(+21 V) 
is applied to Vpp terminal, a high level CE input 
inhibits the TC57256D from being programmed. 

Programming two or more TC57256D's in parallel 
with different data is easily accomplished: All inputs 



except for CE may be commonly connected, aTTL low 
level program pulse is applied to the CE of the 
desired device only, and TTL high level signal is 
applied to the other devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using a high speed programming mode. The device is 
set up in the high speed programming mode. The 
device is set up in the high speed programming mode 
when the programming voltage (+21 V) is applied to 
the Vpp terminal with Vcc = 6V. 

Programming is achieved by applying a single TTL 
low level 1 ms pulse to the CE input after addresses 
and data are stable. Then the programmed data is 
verified in the Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and the programmed 



data is verified. This should be repeated until the 
program operates correctly (max. 20 times). 

After correctly programming the selected address, 
an additional program pulse with a width equal to that 
needed for initial programming is applied. 

When programming has been completed, the data 
in all addresses should be verified with Vcc = Vpp=5V. 

This high speed program algorithm allows the 
programming of the TC57256D to be accomplished 
within one and a half minutes (typ.) 
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HIGH SPEED PROGRAM MODE FLOW CHART 



TC57256D-20 
TC57256D-25 




ADDRESS = 
NEXT ADDRESS 



OVERPROGRAM X PULSES OF 1msec 
OR ONE PULSE OF Xmsec DURATION 




V CC - 5.0V 
V PP « 5.0V 




LQ fail ) 



C PASS J 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TC57256D which identifies its manufacture and device 
type. 

The programming equipment may be used to read the 
manufacturer code and device code from the TC57256D by 
using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 



address line Ag and the rest of address lines are set to Vjl 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
Aq is set to Vih- These two codes possess an odd parity 
with the parity bit of MSB (O7). 
The following table shows electric signature of TC57256D. 



^^-~-__^ PINS 
SIGNATURE^^^_ 


Ao 
(10) 


0; 
(19) 


06 

(18) 


5 
(17) 


Cm 
(16) 


3 
(15) 


2 
(13) 


0, 
(12) 


Oo 
(11) 


HEX. 
DATA 


Manufacture Code 


V| L 


1 








1 


1 
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Device Code 


V| H 

















1 








04 



Notes: A 9 = 12V ± 0.5V 

Ai - As, A10 - An , CE , OE = V| L 

OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 

/t* r t ir t |r f ir t i rt || t | i r t i| T 



a 



19 18 17 16 15 



rfirfi rp rfirft ^ 



\jj lU l|j l|j l|j ■— |- » tj-i li -l-i lJj l|j l|j l|j t|j \\r - 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 




15.24 ±0.3 



I 



h 



+0.15 
-0.10 



Note: (1) Each lead pitch 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect to No. 1 and No. 28 leads. 

(2) This value is measured at the end of leads. 

(3) The dimensions are in millimeters. 
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TOSHIBA 




TC57256AD-15 
TC57256AD-20 



DESCRIPTION ! 



The TC57256AD is a 32,768 word X 8 bit CMOS ultraviolet light erasable and electrically programmable read only memory. For 
read operation, the TC57256AD's access time is 150ns. The TC57256AD operates from a single 5-volt power supply and has a low 
power standby mode which reduces power dissipation without increasing access time. The standby mode is achieved by applying a 
TTL-high level signal to the CE input. Advanced CMOS technology reduces the maximum active currentto 40mA/6.7MHz and the 
standby current to lOOj^A. For program operation, the programming is achieved by using the high speed prgramming mode. The 
TC57256AD is fabricated using CMOS technology and N-channel silicon double layer gate MOS technology. 



IFEATURES1 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power dissipation 

Active : 40mA/6.7MHz 
Standby: lOOuA 

• Fast access time: 

TC57256AD-15 150ns 
TC57256AD-20 200ns 



[PIN CONNECTION! (TOP VIEW) 



VppC l 

A12C 2 
A7C 3 
A6C 4 
A5C 5 
A4C 6 
A3C 7 
A2C 8 
AlC 9 
AOC 10 
OOC 11 
01 C 12 
02 C 13 

ONDC 14 



28 3V CC 
27 3 A14 
26 3A13 
25 3 A8 
24 3 A9 
23 3 All 
22 3 OE" 
21 3 AlO 



3cE 

3 07 

3 06 
17 3 05 
16 3 04 
15 3 03 



Single 5V power supply 

Full static operation 

High speed programming mode 

Inputs and outputs TTL compatible 

Pin compatible with ROMs TC53257P and 

TMM23256P, TMM27256AD and TC57256AD 

Standard 28 pin DIP cerdip package 



[BLOCK DIAGRAM] 



^PP QND V c 



00 01 02 03 04 05 OC 07 



? f t t ? ? 1 1 1 n 



OE° — 


0E" 
C 


C1T 












5To — | 


IRCUIT 








| 




1 








AOO — | 


05 
fc. 

a 

05 

a 
a 


6 


COLUMN 
DECODER 








Al O— 


64 


COLUMN I/O 
CIRCUIT 


A2 CI- 
AS — 






A4 O— 
A5°— 














A6 O — 
A7 — 
A8 O— 


9 


ROW 
DECODER 


512 


MEMORY CELL 

ARRAY 
32,768x8cits 


A9 0— 
AlO — 
All — 






A12 0— 

A13 — 
A14 — 

















PIN NAMES! 


MODE SELECTIONl 














AO -\, A14 


Address Inputs 


MODE ^"~~~~^^_ 


CE 
(20) 


OE 
(22) 


VPP 
(1) 


vcc 

(28) 


0o~0 7 
(11*13, 15*19) 


POWER 


~o r 


Outputs (Inputs) 


CE 


Chip Enable Input 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


OE 


Output Enable Input 


Output Deselect 


* 


H 


High Impedance 


Vpp 


Program Supply 
Voltage 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


vcc 


VCC Supply Voltage 
(+5V) 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 


GND 


Ground 


* H or L 
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TC57256AD-15 
TC57256AD-20 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


VcC Power Supply Voltage 


-0.6% 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6% 14. 


V 


VlN 


Input Voltage 


-0.6% 7.0 


V 


Vl/O 


Input /Output Voltage 


-0.6% Vcc+0.5 


V 


?D 


Power Dissipation 


1.5 


W 


TSOLDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


T STRG 


Storage Temperature 


-65% 125 


°C 


TOPR 


Operating Temperature 


-40 % 85 


°C 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+0.3 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 


vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


vpp 


Vpp Power Supply Voltage 


VcC-0.6 


vcc 


V cc +0.6 



D.C. and 


OPERATING CHARACTERISTICS 


(Ta=-40% 85°C, Vcc 


=5V± 5%) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vi N =0V % V CC 


- 


- 


±10 


uA 


*CC01 


Operating Current 


CT=0V 
IrtTjrp = 0niA 


f=6.7MHz 


- 


- 


40 


mA 


I CC02 


f-lMHz 


- 


- 


10 


I CCS1 


Standby Current 


CE=VlH 


- 


- 


1 


mA 


I CCS2 . 


CE=V C C-0.2V 


- 


- 


100 


UA 


V H 


Output High Voltage 


IOH="^00uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2 . 1mA 


- 


- 


0.4 


V 


I-??! 


Vcc Current 


V P p=V C c± 0.6V 


- 


- 


±10 


UA 


Ilo 


Output Leakage Current 


vqut=o • ^v % v C c 


- 


- 


±10 


UA 
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TC57256AD-15 
TC57256AD-20 



A.C. CHARACTERISTICS (Ta=-40^ 85°C, V CC =5V±5%, V PP =V CC ±0.6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC57256AD-15 


TC57256AD-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=OE=Vil 


- 


150 


- 


200 


ns 


t CE 


CE to Output Valid 


OE=V IL 


- 


150 


- 


200 


C OE 


OE to Output Valid 


CE=Vi L 


- 


70 


- 


70' 


C DF1 


CE to Output in High-Z 


OE=V IL • 





60 





60 


C DF2 


OE to Output in High-Z 


CE=V IL 





60 





60 


t OH 


Output Data Hold Time 


CE=OE=V IL 





- 





- 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L =100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : O.A5V^2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 

CAPACITANCE *(Ta=25°C, f-lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


v IN =ov 


- 


4 


6 


P F 


C 0UT 


Output Capacitance 


V O UT=0V 


- 


8 


12 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 



A0~A14 


^ 


■• 


X 












t 


CE 




H 




m 


^V\\ 1, 


A 


W/////////////A 


CE 


\\\\H 










t OE 






t DFl 










A 










»m 




W/////////////M 


OE 










t ACC 






tDF2 








"<#< 












HIGH Z * 


DATA OUTPUTS 


W/A 


5, HIQH Z 






? 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


Vp P 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 



D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6V± 0.25V, V PP =12.5V ± 0.5V) 



SYMBOL 


PARAMETER 


TESTCONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin=0^ Vcc 


- 


- 


±10 


uA 


VOH 


Output High Voltage 


IOH=-400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


ice 


Vcc Supply Current 


- 


- 


- 


40 


mA 


IPP2 


Vpp Supply Current 


V PP =13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6V± 0.25V, V PP =12.5V± 0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


tAH 


Address Hold Time 


- 


2 


- 


- 


Us 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


US 


tDS 


Data Setup Time 


- 


2 


- 


- 


US 


tDH 


Data Hold Time 


- 


2 


- 


- 


us 


tVPS 


Vpp Setup Time 


- 


2 


- 


- 


us 


tves 


Vcc Setup Time 


- 


2 


- 


- 


us 


tpw 


Initial Program Pulse Width 


CE=Vi L , OE=V IH 


0.95 


1 


1.05 


ms 


tOPW 


Overprograra Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


C 0E 


OE to Output Valid 


CE=V IH 


- 


- 


150 


ns 


tDFP 


OE to Output in High-Z 


CE=Vih 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45W2 4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 

The length of the overprogram pulse may vary as a function of the counter 
value X. 



• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

Note 1: 
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TIMING WAVEFORMS (PROGRAM) 

(V CC =6V±0.25V, V pp =12.5V±0.5V) 



TC57256AD-15 
TC57256AD-20 



v C c 




Note: (1) Vcc must be applied simultaneously with or before Vpp and cut off simultaneously with or after 
V PP . 

(2) Removing the device from the socket or placing the device in the socket with Vpp=12.5V may 
cause permanent damage to the device. 

(3) The Vpp supply voltage is permitted up to 14V for program operation; voltages over 14V should 
not be applied to the Vpp terminal. When a switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of the pulse should not exceed 14V. 
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[ERASURE CHARACTERISTICS] 

The TC57256AD's erasure is achieved by applying shortwave ultraviolet light with a wavelength of 2537A (Angstroms) through 
the transparent window of the chip. 

The integrated dose (ultraviolet light intensity [w/cm 2 ] X exposure time [sec] ) for erasure should be a minimum of 15 
[w sec/cm 2 ]. 

When the Toshiba GL-15 sterilizing lamp is used and the device is exposed at a distance of 1 cm from the lamp surface, erasure will 
be achieved within 60 minutes. 

Using a commercial lamp with an ultraviolet light intensity of 1 2000 [/iw/cm 2 ] reduces the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [p.w/cm 2 ] X (20X60) [sec] ^ 15 [w- sec/cm 2 ] .) 

The TC57256AD's erasure begins to occur when exposed to light with wavelengths shorter than 4000A. Both sunlight and 
flourescent lamps include 3000~4000A wavelength components. Therefore when used under such lightingfor extended periods of 
time, opaque seals-Toshiba EPROM Protect Seal AC901-are available 



I OPERATION INFORMATION] 



The TC57256AD's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



-____PIN NAMES (NUMBER) 

MODE — 


CE 
(20) 


OE 
(22) 


V PP 
(1) 


vcc 

(28) 


Oo *07 
(11* 13, 15* 19) 


POWER 


Read Operation 
(Ta=-40*85°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25± 5°C) 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 



READ MODE 



The TC57256AD has two control functions. The chip enable (CE) controls the operation power and should be used for device 
selection. 
The output enable (OE) controls the output buffers, independent of device selection. 

Assuming that CE=OE=Vil, the output data is valid at the outputs after address access time from stabilizing of all addressess. 
The CE to output valid (tQE) time is equal to the address access time (tACC)- 
Assuming that CE =Vjl and all addresses are valid, the output data is valid at the outputs after tQE from the falling edge of OE. 



[OUTPUT DESELECT MODEl 

With CE =Vm or OE =Vih, outputs will be in high impedance state so two or more TC57256 AD's can be connected together on a 
common bus line. 
When CE is decoded for device selection, all deselected devices are in low power standby mode. 
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1STANDBY MODE] 



The TC57256AD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57256AD is placed in the standby mode which reduces the operating 
current to 100/iA. The outputs are in a high impedence state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC57256AD are in the "1" state, which is the erased state. 

The programming operation introduces "Os" data into the desired bit locations by electrical programming. 

The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-Low under OE=Vth- 
The TC57256AD can be programmed at any location, anytime, either individually, sequentially or randomly. 



IPROGRAM VERIFY M0DE| 



The verify mode verifies that th e de sired data is correctly programmed on the programmed bits. 
The verify is accomplished with OE at Vtl. 



| PROGRAM INHIBIT MODE] 



Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, a high level CE input inhibits the 
TC57256AD from being programmed. 

P rogra mming of two or more TC57256AD's in parallel with different data is easil y ac complished: all inputs except for CE 
and OE are commonly connected, a TTL low level program pulse is applied to the CE of the desired device only, and TTL 
high level signals are applied to the other devices. 



{HIGH SPEED PROGRAMMING MODE! 

The program time can be greatly reduced by using this high speed programming mode. The device is set up in the high 
speed programming mode when the programming voltage (+12.5V) is applied to the Vp p terminal with VcC = 6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE input after addresses and data are 
stable. The programmed data is then verified by using the Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and the programmed data is verified. This 
should be repeated until the programmed data is correct, (max. 25 times) 

After correctly programming the selected addresses, an additional program pulse with a width of 3 times more than that 
needed for initial programming is applied. 

When programming has been completed. Data in all addresses should be verified with Vcc = Vpp = 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

C START J 



ADDRESS - 
NEXT ADDRESS 



ADDRESS = 
START ADDRESS 



V CC - 6V 



Vpp = 12.5 V 




PROGRAM lma PULSE 



X = X+1 




OVERPROORAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 




V CC " 5.0V 
Vpp - 5.0 V 




READ 
.ALL BYTE.. 



Q PASS J 



«-^ FAIL ) 
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ELECTRIC SIGNATURE MODE 



Electric signature mode allows a code to be read from the TC57256AD which identifies its manufacture 
and device type. 

The programming equipment may be used to read the manufacturer code and device code from the 
TC57256AD by using this mode before program operation, and automatically set program voltage (Vpp) and 
algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address lines are 
set to Vil in read operation. Data output under these conditions is the manufacturer code. Device code is 
identified when address AO is set to Vjh- These two codes possess an odd parity with the parity bit of MSB 

(O7). 
The following table shows the electric signature of the TC57256AD. 



^~~^-~^^ PINS 

S IGNATURE ~^--^_ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 

(11) 


HEX. 
DATA 


Manufacture Code 


V IL 


1 








1 


1 
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Device Code 


VIH 


1 


1 











1 








C4 



Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE, 0E=V IL 
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OUTLINE DRAWINGS 



Unit in mm 




1 234 56789 10 11 12 13 14 





1.3 ±0.2 5 



+ 0.15 
0.46-0.10 



15.2 4 ±0.3 



■^" 055-0.10 l 



17.4 MAX. 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No. 28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCT 



65.536 WORD X 8 BIT N MOS UV ERASABLE AND EL- JMM2751 2D-20TMM2751 2D"200 
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY ' ' ' ''«'!.' WZ ~ZZ. ''« "_ ,,Tl!- 1 — ^^.Y 

TMM2751 2D-25JMM2751 2D-250 



PRELIMINARY 



DESCRIPTION 



The TMM27512D is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read memory. 

For read operation, the TMM27512D's access time is 
200ns/250ns. The TMM27512D operates from a single 5- 
volt power supply and has a low power standby mode which 



reduces power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level 
signal to the CE input. For program operation, the pro- 
gramming is achieved by using the high speed prgramming 
mode. The TMM27512D is fabricated with N-channel 
silicon double layer gate MOS technology. 



FEATURES 





-20 


-25 


-200 


-250 


Vcc 


5V±5% 


5V±10% 


tACC 


200ns | 250ns 


200ns 


250ns 


ICC2 


120mA 


130mA 


Icci 


35mA 


40mA 



• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i2751 2 

• Standard 28 pin DIP cerdip package 



PIN CONNECTION (TOP VIEW) 



A15C 
A12C 
A7C 
A6 C 
A5 C 
A4 C 
A3 C 
A2 C 
A1C 
AOC 
OOC 

01 C 

02 C 
QNDC 



~\y~ 



28 

27 

26 

25p 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 



Uv CG 

3 A14 
3 A13 

A8 
3 A9 
3 All 
3 OE>Vpp 
3 A10 
3CE 
3 07 
3 06 
3 05 
3 04 
3 03 



PIN NAMES 



BLOCK DIAGRAM 

Vpp OHD V cc 00 01 02 03 04 05 06 07 



OEc 
CE ( 

A0< 

Alt 

A2< 

A3, 

A4 C 

A5< 

A6< 

A7c 

A8c 

A9c 

AlOc 

Allc 

A12c 

A13c 

A14c 

A15c 



OE CE 
CIRCUIT 



OUTPUT BUFFERS 



COLUMN 
DECODER 



10 



I 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



1,024 



MEMORY CELL 

ARRAY 
65,536 X 8Di tG 



MODE SELECTION 



A ~A I5 


Address Inputs 


o„~o 7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE/Vpp 


Output /Program 
Enable / Supply 
Input/ Voltage 


Vcc 


Power Supply Voltage ( + 5V) 


GND 


Ground 



^~"\^^ PIN 
MODE ^"\^^ 


CE 
(20) 


OE/ 
Vpp 
(22) 


Vcc 
(28) 


0„~0 7 
(11-13, 15-19) 


POWER 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


Vpp 


6V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Program Verify 


L 


L 


Data Out 



* H or L 
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TMWI27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


Vi/o 


Input/Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


"C-sec 


PSTG 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


0-70 


°C 



READ OPERATION 
D. C. AND RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27512D-20/25 


TMM27512D-200/250 


Ta 


Operating Tamperature 


0~70°C 


0-70'C 


Vcc 


Vcc Power Supply Voltage 


5V±5% 


5V+ 1 0% 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


„A 


Ilo 


Output Leakage Current 


Vout=0.4~Vcc 


- 


- 


±10 


M A 


Icci 


Supply Current (Standby) 


CE=Vih 


-20/25 


- 


- 


35 


mA 


-200/250 


- 


- 


40 


ICC2 


Supply Current (Active) 


CE=Vil 


-20/25 


- ■ 


- 


120 


mA 


-20/250 


- 


- 


130 


VlH 


Input High Voltage 


- 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


Ioh = -400/<A 


2: 4 


-. 


- 


V 


Vol 


Output Low Voltage 


loL=2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6 


- 


- 


±10 


M 
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SYMBOL 


PARAMETER 


TMM27512D-20/200 


TMM27512D-25/250 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


200 


- 


250 


ns 


tCE 


CE to Output Valid 


- 


200 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


100 


ns 


tDFl 


CE to Output in High-Z 





60 





90 


ns 


tDF2 


OE to Output in High-Z 





60 





90 


ns 


ton 


Output Data Hold Time 





- 





- 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 
c Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta = 25°C. f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClNI 


Input Capacitance 


Vin = OV 


- 


4 


6 


PF 


ClN2 


OE/Vpp Input Capacitance 


Vin = 0V 


- 


50 


60 


pF 


CoUT 


Output Capacitance 


Vout=OV 


- 


8 


12 


PF 



* This paramater is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0~ A15 



00 ~ 07 
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PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



DC. and OPERATING CHARACTERISTICS (Ta = 25±5'C, Vcc=6V±0.25V. Vpp=12.5V±o.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


I LI 


Input Current 


Vin=0~Vcc 


- 


- 


±10 


//A 


Voh 


Output High Voltage 


\0H=-400ftA 


2.4 


- 


- 


V 


Vol 


Outpu Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


130 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A. C. PROGRAMMING CHARACTERISTICS '(Ta = 25±5'C, Vcc=6V±0.25V. V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


US 


tAH 


Address Hold Time 


- 


2 


- 


- 


MS 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


-' 


MS 


tOEH 


0E/Vpp Hold Time 


- 


2 


- 


- 


jt/S 


tPRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


^s 


tDS 


Data Setup Time 


- 


2 


- 


- 


J"S 


tDH 


Data Hold Time 


- 


2 


- 


- 


//S 


tVR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


//S 


tves 


Vcc Setup Time 


- 


2 


- 


- 


//S 


tPW 


Initial Program Pulse Width 


CE=Vil, OE/Vpp=Vpp 


0.95 


1 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


tDV 


Data Valid from CE" 


OE/Vpp = Vil 


- 


- 


1 


f*s 


tDF 


CTto Output in High-Z 


OE/Vpp=Vil 


- 


- 


130 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
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TIMING WAVEFORMS (PROGRAM) 
(Vcc = 6V±0.25V, Vpp = 12.5V±0.5V) 



A0~A15 



OE/Vpp 



00 ~07 




Note: (1) VqC must be applied simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 

(2) Removing the device from the socket and setting the device in the socket with Vpp=l 2.5 V may cause permanent 
damage to the device. 

(3) The Vpp supply voltage is permitted up to 14V for program operation; Voltages over 14V should be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 14V. 
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ERASURE CHARACTERISTICS 

The TMM27512D's erasure is achieved by applying 
shortwave ultraviolet light with a wavelength of 2537 A 
(Angstroms) through the transparent window of the chip. 

The integrated dose (ultraviolet light intensity [w/cm 2 ] X 
exposure time [sec] ) for erasure should be a minimum of 
15 [w sec/cm 2 ]. 

When the Toshiba GL-15 sterilizing lamp is used and the 
device is exposed at a distance of 1cm from the lamp 
surface, erasure will be achieved within 60 minutes. 

Using a commercial lamp with an ultraviolet light inten- 



sity of 12000 [/iw/cm 2 ] reduces the exposure time to about 
20 minutes. (In this case, the integrated dose is 12000 
[juw/cm 2 ] X (10X60) [sec] as 15 [w • sec/cm 2 ] .) 

The TMM27512D's erasure begins to occur when ex- 
posed to light with wavelengths shorter than 4000A. Sun- 
light and flourescent lamps both include 3000~4000A 
wavelength components. Therefore when used under such 
lighting for extended periods of time, opaque seals-Toshiba 
EPROM Protect Seal AC901-are available 



OPERATION INFORMATION 

The TMM2751 2D's six operation modes are list- 
ed in the following table. 



Mode selection can be achieved by applying TTL 
level signal to all inputs. 



~"~ .. PIN NAMES(NUMBER) 

MODE """' . 


CE~ 
(20) 


OE/Vpp 
(22) 


Vcc 
(28) 


o -o 7 

(11-13, 15-19) 


POWER 


Read Operation 
(Ta = 0~70'C) 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Active 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta = 25±5°C) 


Program 


L 


Vpp 


6V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Active 


Program Verify 


L 


L 


Data Out 


Active 



Note : H ; Vih, L ; Vil, 



Vih or Vil 



READ MODE 

The TMM27512D has two control functions. The chip 
enable (CE) controls the operation power and should be 
used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=Vil, the output data is valid at 
the outputs after address access time from stabilizing of all 



addressess. 

The CE to output valid (t^g) is equal to the address 
access time (t^CC)- 

Assuming that CE=Vjl, and all addresses are valid, the 
output data is valid at the outputs after toE from the falling 
edge of OE. 



OUTPUT DESELECT MODE 

With CE=Vm or OE=Vrp[, outputs will be in a high 
impedance state, so two or more TMM27512D's can be 



connected together on a common bus line. 

When CE is decoded for device selection, all deselected 
devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512D has a low power standby mode 
controlled by the CE signal. 
By applying a high level to the CE input, the TMM27512D 



is placed in the standby mode which reduces 70% of the 
operating current The outputs are in a high impedance 
state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the 
TMM27512D are in the "1" state which is the erased state. 
The programming operation introduces "Os" data into the 
desired bit locations by electrical programming. 



The TMM27512D is in the programming mode when the 
OE/Vpp input is at 12.5V and CE is at TTL-Low level 

The TMM27512D can be programmed at any location, 
anytime, either individually, sequentially or at random. 



PROGRAM VERIFY MODE 

The verify mode verifies that desired data is correctly 
programmed on the programmed bits. 



The verify is accomplished with OE/Vpp at Vjl and at 
CE at Vil- 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is 
applied to Vpp terminal, a TTL high level CE input inhibits 
the TMM27512D from being programmed. 

Programming of two or more TMM27512D's in parallel 



with different data is easily accomplished: all inputs except 
for CE are commonly connected, a TTL Low level program 
pulse is applied to the CE of the desired device only, and 
TTL high level signals are applied to the other devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this 
high speed programming mode. 

This high speed programming mode is performed at 
Vcc=6.0V and OE/Vpp=12.5V 

The programming is achie ved by applying a single TTL 
low level 1ms pulse to the CE input after addresses and 
data are stable. The programmed data is then verified by 
using the Program Verify Mode. 

If the programmed data is not correct, another program 



pulse of 1ms is applied and the programmed data is 
reverified. This should be repeated until the programmed 
data is correct (max. 25 times) 

After correctly programming the selected address, an 
additional program pulse with width 3 times that needed for 
initial programming is applied. 

When programming has been completed, the data in all 
addresses should be verified with Vqq=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = 
NEXT ADDRESS 



C start) 



ADDRESS = 
START ADDRESS 



V C C = 6V 






X = 
















1 




PROGRAM lms PULSE 






I 






X = X+ 1 






YES 



OVERPROORAM 3X PULSES OF lmaec 
OR ONE PULSE OP 3X msec DURATION 



NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TMM27512D which identifies its manufacture and device 
type. 

The programming equipment may be used to read out the 
manufacturer code and device code from the TMM27512D 
by using, this mode before program operation and automa- 
tically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 



address line A9 and the rest of address lines are set to Vjl 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
AO is set to Vjh. These two codes possess an odd parity 
with the parity bit of MSB (07). 

The following table shows electric signature of the 
TMM27512D. 



^~^^^^ PINS 
SIGNATURE^- — ~^__ 


A 
(10) 


0, 
(19) 


o 6 

(18) 


"0. 
(17) 


0, 
(16) 


o 3 

(15) 


o 2 

(13) 


o, 

(12) 


o„ 

(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 











1 





1 





1 


15 



Notes: A9 = 12V±0.5V 

A1-A8, A10~A15.CE, OE = Vu 



— D-91 — 



TMM27512D-20, TWIM27512D-200 
TMM27512D-25, TMM27512D-250 

OUTLINE DRAWINGS 



Unit in mm 



10.64 / J 




X 








N 






iO 


: 1 














"trtrtrtrtrtl 






(HIMMMflMM 


(rfffi 


d 




2.54±0.25 


II II U II II 

1.3 ±0.25 




1 Note 1 




co 






+ 0.15 
0.46-0.10 



15.2 4 ±0.3 



+ 0.15 
0.25-0.10 



17.4 MAX. 



Note 2 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 



Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
C May, 1 986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL- 
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 



TMM27512DI-20 
TMM27512DI-25 



DESCRIPTION 

The TMM27512DI is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. 

For read operation, the TMM27512DFs access time is 
200ns/250ns. The TMM27512DI operates from a single 5- 
volt power supply and has a low power standby mode which 
reduces power dissipation without increasing access time. 



The standby mode is achieved by applying a TTL-high level 
signal to the CE input 

For program operation, the programming is achieved by 
using the high speed prgramming mode. TMM27512DI is 
fabricated with N-channel silicon double layer gate MOS 
technology. 



FEATURES 





-15 


-20 


Vcc 


5V±5% 


tACC 


150ns 


200ns 


ICC2 


120mA 


Icci 


35mA 



• Wide operating temparature range -40~85°C 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i2751 2 

• Standard 28 pin DIP cerdip package 



PIN CONNECTION (TOP VIEW) 



A15C 
A12C 
A7C 
A6 C 
A5 C 
A4C 
A3 C 
A2C 
A1C 
AOC 
OOC 

01 C 

02 C 
ONDC 



\y 



27p 

26 

25 

24|3 

23 

22 

21 

20 

19b 

18 

17 

16 

15p 



3v cc 

A14 
3 A13 
3 A8 

A9 
3 All 

3 51/Vpp 
3 A10 
3CE 

07 
3 06 
3 05 
3 04 

03 



PIN NAMES 



BLOCK DIAGRAM 

V PP OND V cc 00 01 02 03 04 05 06 07 



OEc 
CE t 

A0< 

Al c 

A2 C 

A3 C 

A4 C 

A5< 

A6 c 

A7c 

A8c 

A9.c 

AlOc 

Allc 

A12c 

A13c 

A14 c 

A15c 



OE CE 
CIRCUIT 



OUTPUT BUFFERS 



COLUMN 
DECODER 



I 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



1,024 



MEMORY CELL 

ARRAY 
65,536 X 8Dits 



MODE SELECTION 



Ao~A 15 


Address Inputs 


o„~o 7 


Outputs (Inputs) 


CE" 


Chip Enable Input 


OE/Vpp 


Output /Program 
Enable / Supply 
Input / Voltage 


Vcc 


Power Supply Voltage ( + 5V) 


GND 


Ground 



^^^^ PIN 
MODE ^^-\^^ 


CE 
(20) 


OE/ 
Vpp 
(22) 


Vcc 
(28) 


0„~0 7 
(11-13, 15-19) 


POWER 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


Vpp 


6V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Program Verify 


L 


L 


Data Out 



* H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


Vi/o 


Input/Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260-10 


'C-sec 


PSTG 


Storage Temperature 


-65-125 


•c 


Topr 


Operating Temperature 


-40-85 


"C 



READ OPERATION 
D. C. AND RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27512DI-20/25 


Ta 


Operating Temperature 


-40-85'C 


Vcc 


Vcc Power Supply Voltage 


5V±5% 



D. C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


I LI 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


M A 


Ilo 


Output Leakage Current 


Vout=0.4~Vcc 


- 


- 


±10 


^A 


Icci 


Supply Current (Standby) 


CE=Vih 


- 


- 


40 


mA 


ICC2 


Supply Current (Active) 


CE"=Vil 


- 


- 


130 


mA 


VlH 


Input High Voltage 


- 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loi.=2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6 


- 


- 


±10 


U A 
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SYMBOL 


PARAMETER 


TMM27512DI-20 


TMM27512DI-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


200 


- 


250 


ns 


tCE 


CE to Output Valid 


- 


200 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


100 


ns 


tDF1 


CE to Output in High-Z 





60 





90 


ns 


tDF2 


OE to Output in High-Z 





60 





90 


ns 


tOH 


Output Data Hold Time 





- 





_ 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

o Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta = 25'C, f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClNI 


Input Capacitance 


Vin = OV 


- 


4 


6 


PF 


ClN2 


OE/Vpp Input Capacitance 


Vin = OV 


- 


50 


60 


PF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


PF 



* This paramater is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0~ A15 



00 ~ 07 
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PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MrN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5°C, V C c=6V±0.25V, Vpp=12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


I LI 


Input Current 


Vin=0~Vcc 


- 


- 


±10 


M 


VOH 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Outpu Low Voltage 


loL=2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


130 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


J"S 


tAH 


Address Hold Time 


- 


2 


- 


- 


jiS 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


- 


0S 


tOEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


jfS 


tPRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


//S 


tDS 


Data Setup Time 


- 


2 


- 


- 


us 


tDH 


Data Hold Time 


- 


2 


- 


- 


MS 


tVR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


MS 


tves 


Vcc Setup Time 


- 


2 


- 


- 


MS 


tpw 


Initial Program Pulse Width 


CE=Vil, OE/Vpp=Vpp 


0.95 


1 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


tDV 


. Data Valid from CTT 


OE/Vpp =Vil 


- 


- 


1 


ms 


tDF 


CEfto Output in High-Z 


OE/Vpp =Vil 


- 


- 


130 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 
o Input Pulse Levels 

a Timing Measurement Reference Level 



1 TTL Gate and Cl (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 
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TIMING WAVEFORMS (PROGRAM) 
(VCC=6V±0.2SV, Vpp=12.SV±0.5V) 







X 
































AO ~A15 


:x 




■tAS 




t PW 






t VR 






t AH 








\ 




/ 






^" 


A 








CE" 


t OES 




\ 










t PRT 






t OER 


\ 










/ 






/ 




**"" , 


L 


t DS 


J 


/ 










t DH 




*DV 






t DF 


>- 






/ 








I 






no ~07 


D IN STABLE 


\ 


d ut valid 






s 


J 


\ 




















V C C^ 


t VCS 


PROGRAM 


PROGRAM VERIFY 







































Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V should be 
aplied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27512DI's erasure is achieved by ap- 
plying shortwave „ ultraviolet light which has a 
wavelegth of 2537A (Angstroms) to the Chip through 
the transparent window. Then integrated dose 
(ultraviolet light intensity [W/cm 2 ] x exposure time 

[sec] ) for erasure should be a minimum of 15 

[wsec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 

and the device is exposed at a distance of 1 cm from 

the lamp surface, the erasure will be achieved within 

60 minutes. And using commercial lamps whose 



ultraviolet light intensity is a 12000 [^w/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 1 2000 [^w/cm 2 ] 
x(10x60) [sec] =15 [wsec/cm 2 ] .) 

The TMM27512DI's erasure begins to occur 
when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000~4000A wevelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 



OPERATION INFORMATION 

The TMM27512DI's six operation modes are 
listed in the following table. 



Mode selection can be achieved by applying TTL 
level signal to all inputs. 



~ "~— — — ______PIN NAMES(NUMBER) 

MODE — — — — _ _______ 


cF 
(20) 


OE/Vpp 
(22) 


Vcc 
(28) 


o„~o 7 

(11-13, 15-19) 


POWER 


Read Operation 
(Ta=-40~85°C) 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Active 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta = 25±5*C) 


Program 


L 


Vpp 


6V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Active 


Program Verify 


L 


L 


Data Out 


Active 



Note : H ; Vih. L ; Vil. 



Vih or Vil 



READ MODE 

The TMM27512DI has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE = OE = Vil, the output data is 
valid at the outputs after address access time from 



stabilizing of all addresses. 

The CE to output valid (tcE) is equal to address 
access time (tAcc). 

Assuming that CE=Vil and all addresses are 
valid, the output data is valid at the outputs after toE 
from the falling edge of OE. 



OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE=Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2751 2DI's can be con- 



nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512DI ha_s a low power standby 
mode controlled by the CE signal. 

By applying a high level to the CE input, the 
TMM27512DI is placed in the standby mode which 



reduce 70% of the operating current by applying TTL- 
high level (Vcc) and then the outputs are in a high 
impedance state, independent of the OE inputs. 



PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27512DI are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 



The TMM2751 2DI is in the programming mode 
when the OE/Vpp input is at 1 2 . 5V and CE is at TTL- 
Low level . 

The TMM27512DI can be programmed any 
location at anytime either individually, sequentially, 
or at random. 



PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 



The verify is accomplished with OE/Vpp at Vil and 

CE at Vil. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+_ 
1 2 . 5V) is applied to Vpp terminal , a TTL high level CE 
input inhibits the TMM27512DI from being pro- 
grammed. 

Programming of two or more TMM2751 2DI's is 



parallel with different data is easily accomplished. 
That is, all inputs except for CE may be commonly 
connected, and a TTL Low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 



HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

This high speed programing mode is performed at 
Vcc = 6.0Vand OE /Vpp= 12.5V 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres- 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 



program pulse of 1ms is applied and then the pro- 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 3 
times that needed for initial programming is applied. 

When programming has been completd, the data 
in all addresses should be verified with Vcc=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = 
NEXT ADDRESS 




YES 





X = 




















PROGRAM 1ms PULSE 






I 






X = X+ 1 






YES 



OVERPROORAM 3X PULSES OF 1msec 
OR' ONE PULSE OF 3X maec DURATION 



NO 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM2751 2DI which identifies its manufacturer 
and device type. 

The programming equipment may read out man- 
ufacturer code and device code from TMM2751 2DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor- 
ithm. 

Electric Signature mode is set up when 1 2V is 



TMM27512DI-20 
TNIM27512DI-25 



applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM27512DI. 



~~~~~^^_^ PINS 
SIGNATURE^^^^^ 


A„ 
(10) 


o 7 

(19) 


o 6 

(18) 


o 5 

(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


o, 

(12) 


o„ 

(11) 


HEX. 
DATA 


Manufacture Code 


Vil 


1 








1 


1 











98 


Device Code 


Vih 











1 





1 





1 


15 



Notes: A9 = 12V±0.5V 

A1-A8, A10~A15,CE. OE=Vil 
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OUTLINE PRAWINGS 



Unit in mm 



3 7.7 MAX. 



10.64 ^ J 




i 










N 






iO 


'■ 














— .!. |__ 


i^trtrtrtrtl 








\f Si 


fWirW 


f- 
O 

■H 




2.54*0.25 




u u u y u 

1.3 ±0.25 




1 Note 1 






to 








+ 0.15 
0.46-0.10 



15.24 ±0.3 



17.4 MAX. 



Note 2 



-Jl +0.15 \\ 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 



Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said circuitry. 
April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



1 MEGA BIT (1 31 ,072 WORD X 8 BIT) 

SILICON STACKED GATE MOS 
CMOS U.V. Erasable & Electrically 
Programmable Read Only Memory 



TC571000D-20, TC571000D-25 
705710010-20,705710010-25 



DESCRIPTION 



The TC571000D/TC571001D is a 131,072 word x 8 bit CMOS ultraviolet light erasable 
and electrically programmable read only memory. 

The TC571000D is JEDEC standard pin configuration and the TC571001D is compatible with 
28 pin 1M bit Mask ROM. Both products are packed in 32 pin standard cerdip package. 

TC571000D/TC571001D is fabricated with the CMOS technology. Advanced circuit techniques 
provide both high speed and low power features with a maximum operating current of 30mA/ 
5.0MHz and access time of 200ns /250ns. 

The programming times of the TC571000D/TC571001D except overhead tines of EPROM program- 
mer is only 14 seconds by using the high speed programming algorithm. 



FEATURES 



Peripheral circuit: CMOS 
Memory cell : N-MOS 
Fast access Time 

TC571000D-2C/TC571001D-20: 200ns 

TC571000D-25/TC571001D-25: 250ns 
Low power dissipation 

Active : 30mA/5.0MHz 

Standby: lOOuA (Ta=85°C) 
Single 5V power supply 



[PIN CONNECTION! (TOP VIEW) 



vpp [ 

A16 I 

A15 [ 

A12 [ 

A7 [ 

A6 [ 

A5 [ 

A4 [ 

A3 [ 

A2 [ 

Al [ 

AO [ 

DO [ 

Dl C 

D2 [ 

GND [ 



] VCC 

3 Mil 

30 ] NC 
29 ] A14 
28 ] A13 
] A8 
] A9 
25 ] All 
24 ] OE" 
] A10 
3 CE 



21 3 D7 
20 ] D6 
19 ] D5 
IB 3 D4 
17 3 D3 



VPP [ i 

OET. 2 

A15 [ 3 

A12 [ 4 

A7 [ 5 

A6 [ 6 

as q 7- 

A4 
A3 
A2 
Al 
AO 
DO 
Dl 
D2 
GND 



32 3 VCC 



31 



3 T5E 



30 3 NC 



29 3 A14 
28 3 A13 
27 3 A8 
26 3 A9 
25 3 All 
24 3 A16 
23 3 A10 
22 3 CE" 
21 3 D7 
20 3 D6 
19 3 D5 
18 3 D4 
17 3 D3 



Wide operating temperature range: -40^85°C 

Full static operation 

High speed programming operation: tpjj 0.1ms 

Input and output TTL compatible 

JEDEC standard 32 pin: TC571000D 

1M MROM compatible : TC571001D 

Standard 32 pin DIP cerdip package 



(Reference) 




TC571000D 



TC571001D 



-1M Mask ROMv 
<-TC531000P ; 



1 PIN NAMES 1 


A0 ^ A16 


Address Inputs 


D0^D7 


Outputs (Inputs) 


CE 


Chip Enable 
Input 


OT 


Output Enable 
Input 


PGM" 


Program Control 
Input 


vcc 


Vqc Supply 
Voltage 


Vpp 


Program Supply 
Voltage 


GND 


Ground 


NC 


No Connection 
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BLOCK DIAGRAM 



OE 

CE 

PGM 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

AlO 

All 

A12 

A13 

A14 

A15 

A16 



Vpp GND V C n 00 01 02 03 04 05 06 07 

1 I T TTTITTIT 



OE , CE , POM 
CIRCUIT 



COLUMN 
DECODER 



ROW 
DECODER 



OUTPUT BUFFERS 



128 

\ -, 



1024 



COLUMN I/O 
CIRCUIT 



MEMORY CELL 

ARRAY 
131, 72x8 bite 



MODE SELECTION | 
















^~~~--^_ PIN 

MODE ^^-^_ 


PGM 


CE 


OE 


V PP 


V CC 


00 ~ 07 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Standby 


A 


H 


* 


High Impedance 


Standbv 


Program 


L 


L 


* 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program Verify 


H 


L 


L 


Data Out 



* : H or L- 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


VcC Power Supply Voltage 


-0.6 % 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6 ^ 14.0 


V 


VIN 


Input Voltage 


-0.6 * 7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6 ^V cc +0.5 


V 


PD 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature Time 


260 • 10 


°C«sec 


T STRG 


Storage Temperature 


-65 ~ 125 


°C 


T OPR 


Operating Temperature 


-40 ^ 85 


°C 
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READ OPERATION 



D.C. RECOMMENDED OPERATING CONDITIONS 



TC571000D-20, TC571000D-25 
TC571Q01D-20, TC571001D-25 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


VcC+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


v C c 


VcC Power Supply Voltage 


4.75 


5.00 


5.25 


vpp 


V PP Power Supply Voltage 


Vcc-0,6 


VCC 


Vcc+0.6 



D.C. and OPERATING CHARACTERISTICS (Ta=-40 ^85°C, V CC =5V±5%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin=0 -o Vcc 


- 


- 


±10 


yA 


I CC01 


Operating Current 


CE=0V 
I out=0mA 


f=5.0MHz 


- 


- 


30 


mA 


I CC02 


f=lMHz 


- 


- 


10 


I CCS1 


Standby Current 


CE=V IH 


- 


- 


1 


rnA 


X CCS2 


CE=V CC -0.2V 


- 


- 


100 


yA 


V H 


Output High Voltage 


i OH=-400mA 


2.4 


- 


- 


V 


V OL 


Output Low Voltage 


IOL=2 . 1mA 


- 


- 


0.4 


V 


X PP1 


v pp Current 


V PP =V CC ±0.6V 


- 


- 


±10 


yA 


Ilo 


Output Leakage Current 


VquT=0.4V ^ V cc 


- 


- 


10 


yA 



A.C. CHARACTERISTICS (Ta=-40 ^85°C, V CC =5V±5%, V PP =V cc ±0. 


6V) 








SYMBOL 


PARAMETER 


TC571000D-20/TC571001D-20 


TC571000D- 


-25/TC571001D-25 


UNIT 


MIN. 


MAX. 


MIN . 


MAX. 


tACC 


Address Access Time 


- 


200 


- 


250 


ns 


t CE 


CE to Output Valid 


- 


200 


- 


250 


C OE 


OE to Output Valid 


- 


70 


- 


100 


tPGM 


PGM to Output Valid 


- 


70 


- 


100 


tDFl 


CE to Output in High-Z 





60 





90 


t DF2 


OE to Output in High-Z 





60 





90 


C DF3 


PGM to Output in High-Z 





60 





90 


tQH 


Output Data Hold Time 





- 





- 



A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN. 


Input Capacitance 


v IN =ov 


- 


4 


8 


pF 


c OUT 


Output Capacitance 


v OUT =ov 


- 


10 


12 



* This parameter is periodically sampled is not 100% tested. 



TIMING WAVEFORMS (READ) 



AO~A16 




POM / 



00~07 



^E 



St 



-OE 



"POM 



■tACC 



HIQH Z 



X 



c OH 



'1 



7, 



t DFl 



t DF2 



DATA OUTPUTS 



tDP3 




'1 



HIOH Z 
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I HIGH SPEED PROGRAM OPERATION 1 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlR 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


v C c 


Vcc Power Supply Voltage 


6.00 


6.25 


6.50 


V 
PP 


Vpp Power Supply Voltage 


12.50 


12.75 


13.00 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6.25±0.25V, V PP =12.75±0.25v) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


X LI 


Input Current 


V IN =0 ^ v cc 


- 


- 


±10 


UA 


V 0H 


Output High Voltage 


I OH =-400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I OL =2 - lmA 


- 


- 


0.4 


V 


I cc 


Vcc Supply Current 


- 


- 


- 


30 


mA 


IPP2 


V PP Supply Current 


V pp =13.0V 


- 


- 


50 


mA 


V ID 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A.C. PROGRAMMING CHARACTERISTICS (Ta= 


25±5°C, V C C=6.25i 


0.25V, 


Vpp=12. 


75±0.25 


V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C AS 


Address Setup Time 


- 


2 


- 


- 


ys 


t AH 


Address Hold Time 


- 


2 


- 


- 


US 


C CES 


CE Setup Time 


- 


2 


- 


- 


US 


C CEH 


CE Hold Time 


- 


2 


- 


- 


us 


t DS 


Data Setup Time 


- 


2 


- 


- 


ys 


C DH 


Data Hold Time 


- 


2 


- 


- 


US 


c vs 


Vpp Setup Time 


- 


2 


- 


- 


US 


C PW 


Program Pulse Width 


- 


0.095 


0.1 


0.105 


ms 


t OE 


OE to Output Valid 


- 


- 


- 


100 


ns 


t DF2 


OTT to Output in High-Z 


CE= V IL 


- 


- 


90 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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HIGH SPEED PROGRAM OPERATION 



TIMING CHART 



A0~A16 



x 



s 



6 AS 



^AH 



C CEH 



X 



OE 



s 



00~07 UNENOWN 



*DF2 



D~l. 



X 



D IN STABLE 



t DS 



'///////// ' 



•s pH) / 



^DH 



> 



y 



: OE 



<( D 0UT VALID y 



^FZ 



z vs 



Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul- 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 



The TC571000D/571001D's erasure is achieved by applying shortwave ultraviolet light 
which has a wavelength of 2537 A (Angstroms) to the chip through the transparent 
window. Then integrated dose (Ultraviolet light intensity [W/cm 2 ] x exposure time 
[sec.]) for erasure should be a minimum of 15 [W. sec/cm ] . 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis- 
tance of 1 cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [uW/cm 2 ] 
will reduce the exposure time to about 20 minutes. (In this case, the integrated 
dose is 12000 [uW/cm 2 ] x (20 * 60) [sec] =15 [W« sec/cm 2 ] .) 

The TC571000D/TC571001D's erasure begins to occur when exposed to light with • 
wavelength shorter than 4000A. The sunlight and the flourescent lamps will include 
300Cfr4000A wavelength components. Therefore when used under such lighting for 
extended periods of time, the opeque seals - Toshiba EPR0M Protect Seal AC901 - are 
available . 

[OPERATION INFORMATION] 

The TC571000D/TC571001D's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



~~~~ — — -___ 


PGM 


CE 


OE 


v pp 


V CC 


OQ^Oy 


POWER 


READ 
OPERATION 

(Ta=-40^85°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


A 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 

(Ta=25±5°C) 


Program 


L 


L 


* 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program Verify 


H 


L 


L 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 
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READ MODE 



The TC571000D/TC571001D has three control functions. The chip enable (CE) controls 

the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 

independent of device selection. 

Assuming in that CE=OE=Vil and PGM=Vjjj, the output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (t^jr) is equal to the address access time (.^aqq) • 

Assuming that CE=Vil, PGM=V"ih an d all addresses are valid, the output data is valid 

at the outputs after tQ E from the falling edge of OE. 

And assuming that CE"=OE=Vil an d all addresses are valid, the output data is valid 

at the outputs after tpg^ from the rising edge of PGM. 



OUTPUT DESELECT MODE 



Assuming that CE=Vm or OE=Vih, the outputs will be in a high impedance state. 
So two or more ROMs can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 



STANDBY MODE 



The TC571000D/TC571001D has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC571000D/TC571001D is placed in the 
standby mode which reduce the operating current to lOOuA by applying MOS-high level 
(Vcc) an< * then the outputs are in a high impedance state, independent of the OE 
inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC571000D/TC571001D are in 

the "1" state which is erased state. 

Threrefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC571000D/TC571001D can be 

programmed any location at anytime either individually, sequentially, or at 

random. 
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TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D-25 



PROGRAM VERIFY MODE 



The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE and CE" at Vjl and PGM at Vjjj. 



PROGRAM INHIBIT MODE 



Under the condition that the program voltage (+12. 75V) is applied to Vpp terminal, 
a high level CE" or PGM input inhibits the TC571000D/TC571001D from being programmed, 
Programming of two or more EPROMS in parallel with different data is easily 
accomplished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the other devices. 



HIGH SPEED PROGRAM OPERATION 



The device is set up in the high speed programming mode when the programming voltage 

(+12. 75V) is applied to the Vpp terminal with Vcc=6.25V and PGM=V IH . 

The programming is achieved by applying a single TTL low level 0.1 ms pulse the PGM 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times) . 

When programming has been completed, the data in all addresses should be verified 

with V cc =Vpp=5V. 
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TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D-25 



HIGH SPEED PROGRAM OPERATION 
FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



Q START J 



V CC = 6.2 5 ± 0.2 5 V 
Vpp- 12.7 5 ± 0.2 5V 



ADDRESS 

- START ADDRESS 



X - 



PROGRAM : TFW- 0.1ms 



X- X+ 1 




c 



PAIL 



} 



— D-11 2 — 



TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D-25 



ELECTRIC SIGNATURE MODE! 



Electric signature mode allows to read out a code from TC571000D/TC571001D which 
identifies it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC571000D/TC571001D by using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vil in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vjjj- These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC571000D/TC571001D. 



SIGNATURE 


PINS 


A 


07 


06 


05 


o 4 


03 


o 2 


°1 


°0 


HEX. 
DATA 


Manufacture C 


ode 


VlL 


1 








1 


1 











98 


Device Code 


TC571000D 


VlH 


1 














1 


1 





86 


TC571001D 

















1 


1 


1 


07 



Notes: A9=12V±0.5V 

A1^A8, A10^A16, CE, 0E=Vil 
PGM=V IH 
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TC571000D-20, TC571000D-25 
TC571001D-20, TC571001D-25 



10UTLINE DRAWINGSl 



42SMAX 



:^mwm\ 



2.54 ±0.25 



1-3±Q25 



+ 015 
046-010 



Note 1 



Unit in mm 





15J24±03 



_| +QI5 11 

— |J— O25-Q10 \ 



17.4 MAX 



Note 2 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect N0.1 and No. 32 
leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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HIGH SPEED PROGRAMMING MODE 

FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 
64K through 51 2K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro- 
gramming II Algorithm. 

APPLICABLE DEVICES 



The High Speed Programming I Algorithm uses 
1ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1ms programming pulse and the flow chart is 
shown in Figure 2. 



Device Name 


Theoretical Programming Time 


EPROM 


One Time PROM 


I 


II 


TMM2764AD/ADI 

TMM27128AD/ADI 

TMM27256AD/ADI 

TC57256AD 

TMM27512D/DI 

TC571000D 

TC571001D 


TMM2464AP/AF 

TMM24128AP/AF 

TMM24256AP/AF 

TC54256AP/AF 

TMM24512P 

TC541000P 

TC541001P 


33 sec 

66 sec 

131 sec 

131 sec 

262 sec 

N/A 

N/A 


0.8 sec 
1.7 sec 
3.3 sec 
3.3 sec 
7.0 sec 
1 4 sec 
14 sec 



IDENTIFICATION MODE 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: 

Set A9=12V±0.5V, A0=Vil_, Other Addresses=ViL 

Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 

Set A9=12V±0.5V, A0=ViH, Other Addresses=ViL 
Note: The Device Code is manufacturer dependent. 
The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 



Device Name 


Signature 


EPROM 


One Time PROM 


Manufacture Code 


Device Code 


TMM2764AD/ADI 

TMM27128AD/ADI 

TMM27256AD/ADI 

TC57256AD 

TMM27512D/DI 

TC571000D 

TC571001D 


TMM2464AP/AF 

TMM24128AP/AF 

TMM24256AP/AF 

TC54256AP/AF 

TMM24512P 

TC541000P 

TC541001P 


98 
98 
98 
98 
98 
98 
98 


52 
D3 
54 
C4 
15 
86 
07 
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Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 



ADDRESS = 
NEXT ADDRESS 



f START J 

T 



ADDRESS = 
START ADDRESS 



V C c=6V 


* 


V PP = 12.5V 




OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3Xmsec DURATION 



NO 



* '• v P p = OV for 512KEPR0M 
during verification 




K 



FAIL 



") 
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Figure 2 

HIGH SPEED PROGRAM II FLOW CHART 



TOSHIBA 



NG 



ADRESS 

= NEXT ADDRESS 



NO 



START 




Vcc = 6.25V±0.25V 
V„=12.75±0.25V 



ADRESS =START 
ADDRESS 



X = 



PROGRAM : tpw=0.1ms 



X=X+1 




* : V pp = OV for 512KEPROM 4r°K 
during verification 



CE^ 
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TOSHIBA MOS MEMORY PRODUCT 



TMM2464AP/AF 8,192 WORD X 8 BIT 
ONETIME PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS 



TMM2464AP/AF 



DESCRIPTION 

The TMM2464AP/AF is a 8,192 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. 

The TMM2464AP/AF's access time is 200ns, 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 



The electrical characteristics and programming 
method are the same as U. V. EPROM TMM- 
2764AD's. 

Once programed, the TMM2464AP/AF can not 
be erased because of using plastic DIP without 
transparent window. 



FEATURES 

• Single 5 volt power supply 
©Fast access time: 200ns (Max.) 
o Power dissipation : 100mA(active current) Max. 
: 30mA(standby current) Max. 

©Low power standby mode : CE_ 
©Output buffer control : OE 

©Full static operation 



• High speed programming mode 
©Three state outputs 

©Inputs and outputs TTL compatible 
©Compatible with TMM2764AD and ROM 

TMM2365P, TC5365P. 
©28 PIN standard plastic package: TMM2464AP 

• 28 PIN flat package : TMM2464AF 



PIN CONNECTION (TOP VIEW) 




PIN NAMES 



BLOCK DIAGRAM 

V pp QND 
OE" ~ 



CE ' 
POM' 

AO 
Al 

A2 ' 



A10 
All 
A12 



J 3 1 



OE" CEand T5W 
CIRCUIT 



00 01 02 03 04 05 06 07 

M M M ! T 



OUTPUT BUFFERS 



COLUMN 
DECODER 



COLUMN l/l 
CIRCUIT 



ROW 
DECODEH 



2,56^ 



MEMORY CELL 

ARRAY 
8192X8 bits 



MODE SELECTION 



A ~A, 2 


Address Inputs 


o„~o 7 


Outputs (Inputs) 


CE" 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N.C. 


No Connection 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



"\^_ PIN 

MODE\^ 


PGM 
(27) 


cF 

(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


o ~o 7 

(11-13, 15-19) 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


*' 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 


Data Out 



* H or L 
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TMM2464AP/AF 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


VoUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260- 10 


'Osec 


TsTRG. 


Storage Temperature 


-55-150 


•c 


Topr. 


Operating Temperature 


0-70 


•c 



READ OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vim 


Input High Voltage 


2.2 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


Vpp 


Vpp Power Supply Voltage 


2.2 


Vcc 


Vcc + 0.6 



D. C. and OPERATING CHARACTERISTICS (Ta = 0~70-C, Vcc = 5V±5%, Unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


Vin = 0~Vcc 


- 


±10 


HA 


Icci 


Supply Current (Standby) 


CE~=Vih 


- 


- 


30 


mA 


ICC2 


Supply Current (Active) 


CE=Vil 


- 


- 


100 


mA 


Von 


Output High Voltage 


| OH =-400^A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp=0~Vcc+0.6V 


- 


- 


±10 


„A 


Ilo 


Output Leakage Current 


Vout = 0.4V~Vcc 


- 


- 


±10 


//A 
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A. C. CHARACTERISTICS 



(Ta = 0~70C, Vcc = 5V±5%, Vpp = 2 ,0V~Vcc + 0.6V, Unless otherwise noted) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tACC 


Address Access Time 


- 


200 


ns 


tCE 


CE to Output Valid 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


ns 


tPGM 


PGM to Output Valid 


- 


70 


ns 


tDFl 


CE to Output in High-Z 





60 


ns 


tDF2 


OE to Output in High-Z 





60 


ns 


tDF3 


PGM to Output in High-Z 





60 


ns 


tOH 


Output Data Hold Time 





- 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2,4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta = 25'C, f= 1 MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


- 


4 


6 


PF 


CoUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 



POM 



00~07 



^< 




X 


t 






3H 








tCE 










M 


m 




// 


7/ 

Aj_ 


'////////////A 










"tDFl 










^OE 












^W 


WW 


^ 




A 


'///, 


\/////A 


AAAAAA 






t PGM 




^mz 














M 


W///A 


'// 




\ 


WW 


WW 


fm 




t AGC 




tDF3 












HIGH Z /A AA\A 


' data 0l rmr- 


W/A 


j^ HIGH Z 










^V///N 




i & 






/ 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1 .0 


V 


Vn. 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5C, Vcc=6V±0.25V. V PP = 12 5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


Vn = 0~Vcc 


- 


- 


±10 


*A 


Voh 


Output High Voltage 


Ioh=-400//A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


100 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5C, Vcc = 6V±0 25V. Vp= 12 5V±0 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


/iS 


tAH 


Address Hold Time 


- 


2 


- 


- 


//s 


tCES 


CE Setup Time 


- 


2 


- 


- 


//S 


tCEH 


CTHold Time 


- 


2 


- 


- 


^s 


tDS 


Data Setup Time 


- 


2 


- 


- 


//S 


tDH 


Data Hold Time 


- 


2 


•- 


- 


//S 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


fXS 


tpw 


Program Pulse Width 


- 


0.95 


1 .0 


1.05 


ms 


tOP.W 


Additional Program Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


tOE 


OE to Output Valid 


- 


- 


- 


100 


ns 


tDF2 


OE to Output in High-Z 


CE = Vil 


- 


- 


90 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and CiOOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note : 1 . topw depend on the program pulse width which is reguired in the initial program. 
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TIMING WAVEFORMS (HIGH SPEED PROGRAM) 



ADDRESSEE 



X 



X 



\ 



^ 



oo-o, umuam) y —^ ^ ABhB y-^ 



7, 



: DS 






tvs 



t AH 



S GEH 




7 D 0UT \ ?" 



"DH ^DFS 



tpw 



PROGRAM 



PROGRAM 
VERIFY 



INITIAL PROGRAM 



DIN STABLE 



-DS 



\ / 



'DH 



> 



PROGRAM 



ADDITIONAL PROGRAM 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4V. 
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OPERATION INFORMATION 

The TMM2464AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. In 



the read operation mode, a single 5V power supply 
is required and the levels required for all inputs are 
TTL. 



— _PIN NAMES(NUMBER) 

MODE ' "- — ■ -_____^^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


o„~o 7 

(11-13. 15-19) 


POWER 


Read Operation 
(Ta = 0~70°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 
Operation 
(Ta = 25±5TJ) 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note : H ; Vih, L ; Vil, * ; Vih or Vn 



READ MODE 

The TMM2464AP/AF_has three control func- 
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vil and PGM=Vih, the 
output data is valid at the outpus after address access 
time from stabilizing of all addresses. 



The ClTto output valid (tcE) is equal to the address 
access time (Ucc). 

Assuming that CE=Vil, PGM = Vih and all ad- 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tpGM from the rising edge of PGM. 



OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE=Vih, the outputs 
will be in a high impedance state. So two or more 
TMM2464AP/AF can be connected together on a 



common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



STANDBY'MODE 

The TMM2464AP/AF has a low power standby 
mode controlled by the CE signal. By applying a TTL 
high level to the CE input, the TMM2464AP/AF is 
placed in the standby mode which reduce the oper- 



ating current from 100mA to 30mA, and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 



T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
12.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2464AP/AF from being 
programmed. Programming of two or more 
TMM2464AP/AF in parallel with different data is 



easily accomplished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TTL lo w 
level program pulse is applied to the CE and PGM of 
the desired device only and TTL high level signal is 
applied to the other devices. 
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TMM2464AP/AF 



HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program- 
ming mode when the programming voltage (+12. 
5V) is applied to the Vpp terminal with Vcc = 6V and 
PGM=Vih. The programming is achieve d by a pply- 
ing a single TTL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro- 
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then program- 



med data is verified . This should be repeated until the 
program operates correctly (max. 25 times). 

After correctly programming the selected 
one additional program pulse with pulse 
times that needed for programming is 



address, 
width 3 
applied. 
When 
data in al 
= 5V. 



programming has been completed, the 
addresses should be verified with Vcc=Vpp 



ELECTRIC SIGNATURE M.ODE 

Electric signature mode allows to read out a code 
from TMM2464AP/AF which identifies its manufac- 
turer and device type. 

The programming equipment may read out man- 
ufacturer code and device code from TMM2464AP/ 
AF by using this mode before program operation and 
automatically set program voltage (Vpp) and algor- 
ithm. 

Electric signature mode is set up when 12V is 



applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2464AP/AF 



~~ --^-_^__^^ PINS 

SIGNATURE ^~~ _____ 


A 
(10) 


o 7 

(19) 


o 6 

(18) 


Os 

(17) 


o 4 

(16) 


o 3 

(15) 


2 
(13) 


0, 
(12) 


0, 

(11) 


HEX 
DATA 


Manufacture Code 


Vil 


1 








1 


1 











98 


Device Code 


Vih 





1 





1 








1 





52 



Notes: A9=12V±0.5V 



A1-A8, A10-A12, CE, OE = Vil PGM=Vih 
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TMM2464AP/AF 



HIGH SPEED PROGRAM MODE FLOW CHART 



C START J 



ADDRESS = 
START ADDRESS 



V CG = 6V 



ADDRESS = 
NEXT ADDRESS 



V pp = 12.5V 






X = 




















PROGRAM 1ms PULSE 






♦ 






X = X+l 






YES 



OVERPROQRAM 3X PULSES OP 1msec 
OR ONE PULSE OF 3Xmsec DURATION 




V CG = 5.0V 
V-dtj = 5.0 V 




READ 
iLL BYTE^, 



(pass) 



NQ ' 



-{ PAIL \ 
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OUTLINE DRAWINGS (TMM2464AP) 



TMM2464AP/AF 




Unit in mm 



1524±025 



^3. 



u f , -0.1 \ 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal positson with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TMM2464AF) 



15 



nnnnnnnnnnnnnn 




) 


q 



uuuuuuuuuuuuuu 



14 



Unit in mm 



t 



18.9MAX 



0.43 ±0.1 



1.27 ±0.05 



m 



11.8 ±0.3 



.=^K 3^ 



Note : Lead pitch is 1.27 and tolerance is ±0. 1 2 against theoretical center of each lead that is obtained on the basis of 
No.1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 

reserves the right, at any time without notice, to change said circuitry. 
e April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



TMM24128AP/AF 16,384 WORD X 8 BIT 

ONE TIME PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS 



TMM24128AP/AF 



DESCRIPTION 

TheTMM24128AP/AF is a 16,384 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. TMM241 28AP/AF's 
access time is 200ns, and has low power standby 
mode which reduces the power dissipation without 



increasing access time. The electrical characteristics 
and programming method are the same as U.V. 
EPROM TMM27128AD's. Once programed, the 
TMM24128AP/AF can not be erased because of 
using plastic DIP without transparent window. 



FEATURES 

• Single 5 volt power supply 

• Fast access time :200ns(Max.) 

• Power dissipation : 100mA(active current) Max. 

30mA(standby current) Max. 

• Low power standby mode : CE_ 

• Output buffer control : OE 

• Full static operation 

• High speed programming mode 



• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Compatible with TMM27128AD and MASK ROM 
TMM23128P 

• 28 PIN standard plastic package: TMM24128AP 

• 28 PIN flat package :TMM24128AF 



PIN CONNECTION 



BLOCK DIAGRAM 



VppC 
AlZl 
A7C 
A6t 
A5[ 
A4t 
A3C 
A2[ 
Alt 
A0[ 



00 [ 11 

01 [ 12 

02 t 13 

GNDt 14 



-\y- 



00 01 0203 04 05 OG 07 



28] 



27 

26 

25 \1 

24 

23 

22 

21 

20 

19p 

18 

17 

16 

15 



'CG 



V C 
POM 

A13 

A8 

A9 

3aii 

]0U 
IA10 
]Cl 
07 
]06 
] 05 
]04 
3 03 



CE"c 
FoTJc 



v P p ond v cc 

0~E , CE and POM 
CIRCUIT 



Al 
A2 0— 



A8C 
A9c 



AlOc 
A11C 
A12C 
A13c 



CULUMN 
DECODER 



ROW 
DECODER 



OUTPUT BUFFERS 




\ 


32 


COLUMN I/O 
CIRCUIT 








512 


MEMORY CELL 




16,384 X 8 bit 



MODE SELECTION 



PIN NAMES 



Ao"~ A13 


Address Inputs 


o„~o 7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



\. PIN 
MODE\^ 


PGM 
(27) 


CE" 
(20) 


OE 
(22) 


Vpp 
(D 


Vcc 
(28) 


0„~0 7 
(11-13, 15-19) 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program 
Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program 
Verify 


H 


L 


L 


Data Out 



* H or L 
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TMM24128AP/AF 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


Vin 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260 • 10 


°C-sec 


TsTRG. 


Storage Temperature 


-55-150 


•c 


To PR. 


Operating Temperature 


0-70 


•c 



READ OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


Vcc+0.6 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 0~70°C, Vcc = 5V±5%, Unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0- Vcc 


- 


- 


±10 


M 


Icci 


Supply Current (Standby) 


CE = Vih 


- 


- 


30 


mA 


ICC2 


Supply Current (Active) 


CE = Vil 


- 


- 


100 


mA 


VOH 


Output High Voltage 


Ioh=-400^A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL=2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


Vpp = - Vcc + 0.6 V 


- 


- 


±10 


*A 


Ilo 


Output Leakage Current 


Vout = 0.4V~Vcc 


- 


- 


±10 


*A 
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TMM24128AP/AF 



A. C. CHARACTERISTICS (Ta = 0~70"C, Vcc = 5V±5%, Vpp = 2.0V~Vcc + 0.6V, Unless otherwise noted) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tACC 


Address Access Time 


- 


200 


ns 


tCE 


CE to Output Valid 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


ns 


tPGM 


PGM to Output Valid 


- 


70 


ns 


tDF1 


CE to Output in High-Z 





60 


ns 


tDF2 


OE to Output in High-Z 





60 


ns 


tDF3 


PGM to Output in High-Z 





60 


ns 


tOH 


Output Data Hold Time 





- 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta = 25°C, f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


- 


4 


6 


PF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


PF 



* This parameter is periodically sampled and is not 100% tested. 
TIMING WAVEFORMS 



A0~A13 



^0~07 



^ 


*- '" - "■' = 


X 

t 


f 








, . . t 0R 




OH 




\\\\\ 


mi 




// 


% 


W//MM 








t DFl 














" 




\\\\\ v 


k\\\\ 




"U.K 


// 


W/, 


W, 


W////A 


>m\ 








t PQM 




% mz 






I ' 








w/, 


'/////, 


t ACC 


\ 


» 


\\\\ v 


mm 








t DF3 






HIGH 2 ////A/ 


" DATA OUT— " 


W/A 


\ HIGH Z 








V///A 








-. 


2 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5°C, Vcc=6V±0.25V. Vpp=12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


Vin=0~Vcc 


- 


- 


±10 


M A 


Voh 


Output High Voltage 


Ioh = -400^A 


2.4 


- 


- 


V 


Voi 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


100 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5'C, Vcc = 6V±0.25V, Vpp=12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


,/S 


tAH 


Address Hold Time 


- 


2 


- 


- 


,US 


tCES 


CE Setup Time 


- 


2 


- 


- 


//S 


tCEH 


CF Hold Time 


- 


2 


- 


- 


flS 


tDS 


Data Setup Time 


- 


2 


- 


- 


f*s 


tDH 


Data Hold Time 


- 


2 


- 


- 


M s 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


M$ 


tPW 


Program Pulse Width 


- 


0.95 


1.0 


1.05 


ms 


tOPW 


Additional Program Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


tOE 


OE to Output Valid 


- 


- 


- 


100 


ns 


tDF2 


OE to Output in High-Z 


cT=Vi L 


- 


- 


90 


ns 



A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note : 1 . topw depend on the program pulse width which is reguired in the initial program. 
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TIMING WAVEFORMS (HIGH SPEED PROGMAM) 



TMM24128AP/AF 



ADDRESSES 




PGM 



- Wffl' 



t DS 



oo-07 unknown) — { _stable^ ^-K /alid^ > — < c 



■tDH t DP2 



t PW 



PROGRAM 



PROGRAM 
VERIFY 



INITIAL PROGRAM 



X 



1AH_ 



& 



r, 



t CEH 



DIN STABLE 



\ 



'OPW 



_ t DH 



/ 



PROGRAM 



ADDITIONAL PROGRAM 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 1 4V for program operation, so the voltage over 1 4V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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TMM24128AP/AF 



OPERATION INFORMATION 

The TMM241 28AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 



In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 



~~~~~~—- PIN NAMES(NUMBER) 

MODE ~ "~~- _________^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vpp 
(D 


Vcc 
(28) 


o„~o 7 

(11-13, 15-19) 


POWER 


Read Operation 
(Ta = 0~70'C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Active 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 
Operation 
(Ta = 25±5'C) 


Program 


L 


L 


* 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


Active 


H 


L 


H 


High Impedance 


Active 


Program Verify 


H 


L 


L 


Data Out 


Active 



Note : H ; Vih, L ; Vil, * ; Vih or Vil 



READ MODE 

The TMM24128AP/AF has three control func- 
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vll and PGM=Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 



The CE to output valid (tcE) is equal to the address 
access time (tAcc). 

Assuming that CE=Vll, PGM=Vih and all ad- 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vil and addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 



OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE = Vih, the outputs 
will be in a high impedance state. So two or more 
TMM24128AP/AF can be connected together on a 



common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 



STANDBY MODE 

The TMM24128AP/AF has a low power standby 
mode controlled _by the CE signal. By applying TTL 
high level to the CE input, the TMM241 28AP/AF is 
placed in the standby mode which reduce the oper- 



ating current from 100mA to 30mA, and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 



T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2 . 5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM241 28AP/AF from be- 
ing programmed. Programming of two or more 
TMM24128AP/AF in parallel with different data is 



ea sily ac complished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TTL lo w 
level program pulse is applied to. the CE and PGM of 
the desired device only and TTL high level signal is 
applied to the other devices. 
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TMM24128AP/AF 



HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program- 
ming mode when the programming voltage (+12. 
5V) is applied to the Vpp terminal with Vcc = 6V and 
PGM=Vih. The programming is achieve d by a pply- 
ing a single TTL low level 1 ms pulse the PGM input 
after addresses and data are stable. Then the pro- 
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 



grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24128AP/AF which identifies its manu- 
facturer and device type. 

The programming equipment may read out man- 
ufacturer code and device code from 
TMM24128AP/AF by using this mode before pro- 
gram operation and automatically set program volt- 
age (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 



applied to address line A9 and the rest of address 
lines is set to Vn in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24128AP/AF. 



~~~~~~~-~-----_______^ PINS 

SIGNATURE ' — — ______ 


A„ 
(10) 


o 7 

(19) 


o 6 

(18) 


o 5 

(17) 


04 

(16) 


o 3 

(15) 


o 2 

(13) 


0, 
(12) 


0. 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


Vih 


1 


1 





1 








1 


1 


D3 



Notes: A9 = 12V±0.5V 



A1-A8, A10-A13, CE, OE = Vil PGM = Vm 
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TMM24128AP/AF 



HIGH SPEED PROGRAM MODE FLOW CHART 



C START J 



ADDRERR = 
START ADDRESS 



Von = 6V 



ADDRESS = 
NEXT ADDRESS 



Vpp = 12.5V 




YES 



PROGRAM 1ms PULSE 



X ■■= X+l 




YES 



OVERPROORAM 3X PULSES OP 1msec 
OR ONE PULSE OP 3Xmsec DURATION 




V GG - 5.0V 
Vpp = 5.0 V 




READ 
iLL BYTE^ 



OK 



NO ' 



-*•( PAIL J 



C PASS ~J 
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TMM24128AP/AF 



OUTLINE DRAWINGS (TMM24128AP) 



Unit in ram 




Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TMM24128AF) 



15 



nnnnnnnnnnnnnn 




) 


X 
q 



uuuuuuuuuuuuuu 



14 



Unit in mm 



18.9MAX 



0.43 ±0.1 



1.27 ±0.05 



10 



1 IB ±0.3 



: =C ^K ^^, 



Note: Lead picth is 1.27 and tolerance is±0. 1 2 against theoretical center of each lead that is obtained on the basis of 
No.1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 

reserves the right, at any time without notice, to change said circuitry. 
e April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 

TMM24256AP/AF 32,763 WORD X8BIT -m Jin HA ii Ai-A * ^ / a r 

ONE TIME PROGRAMMABLE READ ONLY MEMORY XlVl IVI 24256 AP/AF 

SILICON STACKED GATE MOS ' 



DESCRIPTION 

TheTMM24256AP/AF is a 32,768 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic Package. 

The TMM24256AP/AF's access time is 200ns 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 



The electrical characteristics and programming 
method are the same as U.V. EPROM 
TMM27256AD's. 

Once programed, the TMM24128AP/AF can not 
be erased because of using plastic DIP without 
transparent window. 



FEATURES 

• Fast access time : 200ns 

• Low power dissipation 

Active : 100mA 
Standby : 30mA 

• Single 5V power supply 

• Full static operation 

• High speed programming mode 



• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, 
TMM23256P, EPROM TMM27256D/AD and 
TC57256D 

• Standard28pinDIPplasticpackage : TMM24256AP 

• Plastic Flat Package : TMM24256AF 



PIN CONNECTION 



BLOCK DIAGRAM 



V PP[ 


1 


28 


JVco 


A12[ 


2 


27 


] A14 


A7t 


3 


26 


] A13 


A6[ 


4 


25 


] A8 


A5[ 


5 


24 


1A9 


A4[ 


6 


23 


]A11 


A3[ 


7 


22 


]0E 


A2[ 


8 


21 


]A10 


Al[ 


9 


20 


3C"E 


A0[ 


10 


19 


3 07 


00[ 


11 


18 


3 06 


01[ 


12 


17 


]05 


02[ 


13 


16 


304 


QND[ 


14 


15 


]03 



PIN NAMES 



Vpp OND V CC O O x 2 O3 4 5 Cg O? 

1 ? ? ?????? T 1 



A8 
A9 
A10 
All 
A12 
A13 
A14 



COLUMN 
DECODER 



OUTPUT BUFFERS 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



MEMORY CELL 

ARRAY 

32.768x8t>ite 



MODE SELECTION 



Ao~A u 


Address Inputs 


o ~o 7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply Voltage 


Vcc 


Vcc Supply Voltage ( + 5V) 


GND 


Ground 



"\-^^ PIN 

MODE~\^ 


CE" 
(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


o ~o 7 

(11-13, 15-19) 


POWER 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output 
Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


12.5V 1 


6V 


Data In 


Active 


Program 
Inhibit 


H 


H 


High Impedance 


Program 
Verify 


* 


L 


Data Out 



* H or L 
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TC54256AP/AF 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6-7.0 


V 


Vpp 


Program Supply Voltage 


-0.6-14.0 


V 


VlN 


Input Voltage 


-0.6-7.0 


V 


VOUT 


Output Voltage 


-0.6-7.0 


V 


Pd 


Power Dissipation 


1.5 


W 


TsOLDER 


Soldering Temperature • Time 


260- 10 


°C-sec 


TSTG. 


Storage Temperature 


-55-150 


•c 


Topr. 


Operating Temperature 


0-70 


•c 



READ OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


4.75 


5.00 


5.25 


V 


Vpp 


Vpp Power Supply Voltage 


2.0 


Vcc 


Vcc +0.6 


V 



D. C. and OPERATING CHARACTERISTICS (Ta=0~70C. Vcc=5V±5%; 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin=0~Vcc 


- 


- 


±10 


*A 


Icci / 


Supply Current (Standby) 


CE"=Vih 


- 


- 


30 


mA 


ICC2 


Supply Current (Active) 


CE~=Vil 


- 


- 


100 


mA 


VOH 


Output High Voltage 


Ioh=-400^A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL=2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


V P p=0~Vcc+0.6V 


- 


- 


±10 


M A 


Ilo 


Output Leakage Current 


Vout=0.4V~Vcc 


- 


- 


±10 


»A 
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A. C. CHARACTERISTICS 



(Ta = 0~70-C, Vcc=5V±5%, Vpp=2.0V~Vcc+0.6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


MAX. 


UNIT 


tACC 


Address Access Time 


CE = OE=Vil 


- 


200 


ns 


tCE 


CE to Output Valid 


OE = Vil 


- 


200 


ns 


tOE 


OE to Output Valid 


CE"=Vil 


- 


70 


ns 


tDF1 


CE to Output in High-Z 


OE=Vil 





60 


ns 


tDF2 


OE to Output in High-Z 


CE=Vil 





60 


ns 


tOH 


Output Data Hold Time 


CE = 0E = Vil 





- 


ns 



A. C TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Ci.= 100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta = 25-C. f=1MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = OV 


- 


4 


6 


pF 


COUT 


Output Capacitance 


Vout = OV 


- 


8 


12 


PF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



AC~A14 



CE 



DC 



: CE 



t 0E 



^ ^mr 



t ACC 



HIGH Z 



mz 



x 



C 0H, 



M/////////////A 



t DFl 



/ //////////////////A 



C DP2 



DATA OUTPUTS 



HIGH Z 
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High speed PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1 .0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5°C. Vcc = 6V±0.25V. V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


lu 


Input Current 


Vin = 0~Vcc 


- 


- 


±10 


^A 


Voh 


Output High Voltage 


Ioh=-400/*A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


loL = 2.1mA 


- 


- 


0.4 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vpp= 13.0V 


- 


- 


50 


mA 


VlD 


Ag Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5C. Vcc = 6V±0.25V, V P p= 12 5V±0 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


//S 


tAH 


Address Hold Time 


- 


2 


._ 


- 


us 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CfTHold Time 


- 





- 


- 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


fiS 


tDS 


Data Setup Time 


- 


2 


- 


- 


^s 


tDH 


Data Hold Time 


- 


2 


- 


- 


/*S 


tvps 


Vpp Setup Time 


- 


2 


- 


- 


^s 


tves 


Vcc Setup Time 


- 


2 


- 


- 


fxs 


tpw 


Initial Program Pulse Width 


CE=Vil. 0E = Vih 


0.95 


1.0 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


tOE 


OE to Output Valid 


CE~=Vih 


- 


- 


150 


ns 


tDFP 


OE to Output in High-Z 


CE~=Vih 


- 


- 


130 


ns 



A. C TEST CONDITIONS 
© Output Load 

© Input Pulse Rise and Fall Times 
© Input Pulse Levels 
• Timing Measurement Reference Level 



1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1 : The length of the overprogram pulse may very as a fumction of the counter value X. 
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TIMING WAVEFORMS(PROGRAM) 
(VCC = 6V±0.25V, Vpp=12.5V±0.5V) 



TMM24256AP/AF 



A0--14 



0~0 7 



V pp / *VPS 



X 



_, t AS, . 



c vcs 



\ t OFW_ / 



<l 



t PW 



t DS 



*CEH 



IN STABLE 



t DH 



7 



PROGRAM 



"OE 



i 



^AH 



X 



t DFP 



/ 



D 0UT VALID 



> 



PROGRAM VERIFY 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3 . The Vpp supply voltage is permitted up to 1 4V for program operation , so the voltage over 1 4V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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OPERATION INFORMATION 

The TMM24256AP/AF's six operation modes are 
listed in the following table. Mode selection can be 



achieved by applying TTL level signal to all inputs. 



~ PIN NAMES(NUMBER) 

MODE " 


(20) 


OE 
(22) 


Vpp 
(1) 


Vcc 
(28) 


0,-0, 
(11-13, 15-19) 


POWER 


Read Operation 
(Ta=0~70°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Active 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta = 25±5°C) 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Active 


Program Verifyr 


* 


L 


Data Out 


Active 



Note : H ; Vih, L ; Vil. * ; Vih or Vil 



READ MODE 

The TMM24256AP/AF has two control func- 
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming the CE = OE=Vil, the output data is 
valid at the outputs after address access time from 



stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address 
access time (tAcc). 

Assuming that CE=Vil and all addresses are 
valid, the output data is valid at the outputs after toE 
from the falling edge of OE. 



OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. So two or more 
TMM24256AP/AF's can be connected together on a 



common bus line. 

When CE is decoded tot Jevice selection, all 
deselected devices are in low power standby mode. 



STANDBY MODE 

The TMM24256AP/AF has a low power standby 
mode controlled by the CE signal . By applying a high 
level to the CE input, the TMM24256AP/AF is 
placed in the standby mode which reduce the oper- 



ating current to 30mA from 100mA (about 70% 
reduction) and then the outputs are in a high 
impedance state, independent of the OE inputs. 



PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 



The verify is accomplished with OE at Vil and CE at 
Vih or Vil. 



PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+_ 
1 2 . 5V) is applied to Vpp terminal , a TTL high level CE 
input inhibits the TMM24256AP/AF from being 
programmed. 

Programming of two or more TMM24256AP/ 
AF's in parallel with different data is easily accom- 



plished. That is, all inputs except for CE and OE may 
be commonly connected, and a TTL low level pro- 
gram pulse is applied to the CE of the desired device 
only and TTL high level signal is applied to the other 
devices. 
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HIGH SPEED PROGMAMMING MODE 

The device is set up in the high speed program- 
ming mode when the programming voltage (+12. 
5V) is applied to the Vpp terminal with Vcc=6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the CE input after addresses 
and data are stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 



grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times) . 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
= 5V. 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24256AP/AF which identifies its manu- 
facturer and device type. 

The programming equipment may read out man- 
ufacturer code and device code from 
TMM24256AP/AF by using this mode before pro- 
gram operation and automatically set program volt- 
age (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is 



applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24256AP/AF. 



~ — ^-______^ PINS 

SIGNATURE ~ "-—-—____ 


Ao. 
(10) 


o 7 

(19) 


o 6 

(18) 


o 5 

(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


0, 
(12) 


O 

(11) 


HEX. 
DATA 


Manufacture Code 


Vil 


1 








1 


1 











98 


Device Code 


Vih 





1 





1 





1 








54 



Notes: A9 = 12V±0.5V 

A1-A8, A10-A14, CE, OE"=Vil 
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HIGH SPEED PROGRAM MODE FLOW CHART 



(sTAfiTj 



ADDEESS= 
START ADDRESS 



V CC =6V 



NO 



ADDRESS= 
NEXT ADDRESS 



V PP =125V 




X = 



PROGRAM 1ms PULSE 



X=X + 1 




YES 



OVERPROORAM 3X PULSES OB' lmeec 
OR ONE PULSE OB' 3X msec DURATION 




V C c =5.0 V 
Vpp=5.0V 




READ 
ALL BYTE 



_»/ PAIL ) 



f PASS ") 
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OUTLINE DRAWINGS (TMM24256AP) 



TMM24256AP/AF 



28 27 26 25 24 23 22 21 20 19 18 17 16 



rn rr\ m rn rh rti rii 



21 20 19 18 17 16 1£ 

rti rh rh rh rn rh rh. 



R1.5 



4j 4j 4-1 l-m t-i-i h- 1 '-h ' 4 j 4-1 h-» 4-i mj l|j lJt ^ — * 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 



Unit in nun 



37.4 MAX. 




2.54 ± 0.2b 



15.24TYP. 



k 



+ 0.1 
0.25-0.0 5 



17.4MAX. 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TMM24256AF) 



28 



nnnnnnnnnnnnnn 




uuuuuuuuuuuuuu 



14 



Unit in mm 



0.43 ±0.1 



m 



1 1.8 ± 0.3 



jA ^3 



1.5 ±0.4 



Note: Lead picth is 1.27 and tolerance is±0. 1 2 against theoretical center of each lead that is obtained on the basis of 
No.1 and No. 28 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 

reserves the right, at any time without notice, to change said circuitry. 
e April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



TC54256AP/AF 



32.768 WORD x 8 BIT COMS ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 



(DESCRIPTION] 

The TC54256AP/AF is a 32,768 word x 8 bit one time programmable read only memory, 
and molded in a 28 pin plastic package. The TC54256AP/AF's access time is 200ns and 
has low power standby mode which reduces the power dissipation without increasing 
access time. The electrical characteristics and programming method are the same as 
U.V. EPROM TC57256AD's. Once programed, the TC54256AP/AF can not be erased because 
of using plastic DIP without transparent window. 



FEATURES 



Peripheral circuit: CMOS 
Memory cell : N-MOS 
Low power dissipation 

Active : 40mA/6.7MHz 

Standby: lOOyA 
Fast access time: 200ns 
Single 5V power supply 
Full static operation 
High speed programming mode 



Inputs and outputs TTL compatible 

Pin compatible with ROM TC53257P, TMM23256P, 

EPROM TMM27256D/AD, TC57256D/AD, One time PROM 

TMM24256P/AP and TC54256P 
Standard 28 pin DIP plastic package: TC54256AP 
Plastic Flat Package : TC54256AF 



[BLOCK DIAGRAM] 



IPIN CONNECTION! (TOP VIEW) 



VppC i 
A12C 2 

A7C 3 

A6 C 

A5C 

A4 C 

A3C 

A2E 

AlC 

AOC 

00 C 



01 C 12 

02 C 13 



ONDC 



14 



28 3V CG 
27 3A14 
26 3A13 
25 3A8 
24 3A9 
23 3 All 
22 30lT 
21 3 AlO 
20 3CE 
19 307 
18 306 
17 305 
16 304 
15 303 



V PP OND V CC 00 01 02 03 04 05 06 07 

f t ? tnnm 



OEO— 

clo— 


5E and OH 
CIRCUIT 




OUTPUT BUFFERS 




| 










1 




m 

BS 

a 
fe 

3 
O 

03 
CO 

a 

§ 
a 
< 






64 


AlO— 
A2 0— 
A3 0— 


P. 


COLUMN 
DECODER 


COLUMN I/O 
CIRCUIT 




512 


A4 0— 
A5°— 
A6 — 

A7 o— 

A8 O— 












9 


ROW 
DECODER 


MEMORY CELL 

ARRAY 
32,768X8Dits 


A9 0— 
AlOO— 






AllO— 
A12 0— 
A13 0— 
A14 0— 













PIN NAMES 



AO * A14 


Address Inputs 


00^-07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


Vpp 


Program Supply 
Voltage 


v C c 


Vqq Supply Voltage 
(+5V) 


GND 


Ground 



MODE SELECTION! 














^^■\^^ PIN 

MODE ^ — ^_ 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


v C c 

(28) 


00^07 
(11*13,15*19) 


POWER 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



*: H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Vcc Power Supply Voltage 


-0.6<\,7.0 


V 


V PP 


Program Supply Voltage 


-0.6^14.0 


V 


VlN 


Input Voltage 


-0.6^7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6^ V cc +0 . 5 


V 


PD 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature Time 


260 • 10 


°C . sec 


T STRG 


Storage Temperature 


-65 «\- 125 


°C 


TOPR 


Operating Temperature 


-40 * 85 


°C 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+0-3 


V 


V IL 


Input Low Voltage 


-0.3 


- 


0.8 


V CC 


V C q Power Supply Voltage 


4.75 


5.00 


5.25 


V PP 


Vpp Power Supply Voltage 


Vcc-0.6 


vcc 


Vcc+0.6 



D.C. and 


OPERATING CHARACTERISTICS 


(Ta=-40 * 85 


°C, Vcc=5V±5%) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin=0V * Vcc 


- 


- 


±10 


UA 


I CC01 


Operating Current 


CE=0V 


f=6.7MHz 


- 


- 


40 


mA 


I CC02 


f=lMHz 


- 


- 


10 


I CCS1 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


I CCS2 


CE=v cc -0.2V 


- 


- 


100 


yA 


VOH 


Output High Voltage 


I OH =-400yA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


X PP1 


Vpp Current 


V P p=V cc ±0.6V 


- 


- 


±10 


yA 


lLO 


Output Leakage Current 


V OUT =0.4V^V CC 


- 


- 


±10 


yA 
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A.C. CHARACTERISTICS (Ta=-AO^ 85 °C, V CC =5V±5%, V PP =V CC ±0.6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


MAX. 


UNIT 


C ACC 


Address Access Time 


CE=OE=V IL 


- 


200 


ns 


C CE 


CE to Output Valid 


Ol=V IL 


- 


200 


t OE 


OE to Output Valid 


C1T=V IL 


- 


70 


C DF1 


CE to Output in High-Z 


OE=V IL 





60 


C DF2 


OF to Output in High-Z 


CE=V IL 





60 


c OH 


Output Data in Hold Time 


CE=OE=V IL 





- 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and CL=100pF 

10ns Max. 

0.45V^2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta=25°C, f-lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =0V 


- 


4 


6 


pF 


COUT 


Output Capacitance 


VoUT-OV 


- 


8 


12 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 
>~Ai4 " ^ 



AO- 



CU 



OE 



t CE 



«M]r 



"OE 



= AGC 



HIGH Z ■ 



X 



t OH 



C DP1 



MMZMZm 



DATA OUTPUTS 



t DF2 



HIGH Z 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


v cc +i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V CC 


Vqq Power Supply Voltage 


5.75 


6.0 


6.25 


V PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 



D.C. and OPERATING CHARACTERISTICS 


(Ta=25±5°C, V CC =6V±0.25V, 


V PP =12 


.5V±0.5V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V IN =0 * V CC 


- 


- 


±10 


: UA 


V H 


Output High Voltage 


IOH=-400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L «2.1mA 


- 


- 


0.4 


. V 


I cc 


Vqq Supply Current 


- 


- 


- 


40 


mA 


I PP2 


Vpp Supply Current 


V PP =13.0V 


- 


- 


50 


mA 


V ID 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12 . 5V±0 . 5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


ys 


C AH 


Address Hold Time 


- 


2 


- 


- 


u s 


t CES 


CE Setup Time 


- 





- 


- 


ns 


t CEH 


CE Hold Time 


- 





- 


- 


ns 


c OES 


OE Setup Time 


- 


2 


- 


- 


ys 


tDS 


Data Setup Time 


- 


2 


- 


- 


yS 


'dh 


Data Hold Time 


- 


2 


- 


- 


yS 


t VPS 


Vpp Setup Time 


- 


2 


- 


- 


V s 


c vcs 


Vcc Setup Time 


- 


2 


- 


- 


ys 


tpw 


Initial Program Pulse Width 


CE=V IL , OE=V IH 


0.95 


1 


1.05 


ms 


t OPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


tOE 


OE to Output Valid 


CE=V IH 


- 


- 


150 


ns 


t DFP 


OE to Output in High-Z 


CE=VIH 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 



Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TIMING WAVEFORMS (PROGRAM) 

(V CC =6V±0.25V, V PP =12.5V±0.5V) 



TC54256AP/AF 



AO — 14 



sir 



OE 



00 — 07 



Vpp 




Note 1. Wqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 



The TC54256AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



: ■ PIN NAMES (NUMBER) 

MODE " ______ 


. CE 
(20) 


OE 
(22) 


•Vpp 
(1) 


(28) 


00 «\, 07 
(11^13, 15*19) 


POWER 


Read Operation 
(Ta=-40*85 J C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


12-. 5V 


6V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH> L; V IL , *; V IH or V It 



READ MODE 



The TC54256AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=01=Vil, the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t^QQ) . 
Assuming that CE=V IL and all addresses are valid, the output data is valid at the 
outputs after t QE from the falling edge of OE. 



10UTPUT DESELECT MODEl 



Assuming that CE«Vm or 0E=V_;h, the outputs will be in a high impedance state. 
So two or more TC54256AP/AF's can be connected together on a common bus line. 
When CE~ is decoded for device selection, all deselected devices are in low power 
standby mode. 



STANDBY MODE! 



The TC54256AP/AF has a low power standby mode controlled by the Cl signal. 
By applying a high level to the CE input, the TC54256AP/AF is placed in the standby 
mode which reduce the operating current to lOOuA by applying MOS-high level (Vqc) 
and then the outputs are in a high impedance state, independent of the OE inputs. 
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PROGRAM MODE 

Initially, when received by customers, all bits of the TC54256AP/AF are in 
the "1" state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 

The TC54256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL-Low level under OE~=Vih. 

The TC54256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with OE at Vjl and CE at V^ or Vjl« 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12. 5V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TC54256AP/AF from being programmed. 
Programming of two or more TC54256AP/AF's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the programming 

voltage (+12. 5V) is applied to the Vpp terminal with Vcc = 6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times) . 

After correctly programming the selected address, the additional program pulse with 

width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with Vcc°Vpp-5V. 



— E-43 — 



TC54256AP/AF 



HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS - 
NEXT ADDRESS 



YES 




YES 



OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OP 3X msec DURATION 



NO 




V CC - 5.0 V 
Vpp - 5.0 V 




READ 
ALL BYTE^ 



OK 



f PASS } 



NO 



^ FAIL ) 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54256AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC54256AP/AF by using this mode before program operation and automatically set- 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is 
set to Vjjj. These two codes possess an odd parity with the parity bit of MSB 
(07). The following table shows electric signature of TC54256AP/AF. 



^^^^^ PINS 
SIGNATURE^"^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


i 











98 


Device Code 


VlH 


1 


1 











1 








C4 



Notes: A9-12V±0.5V 

A1^A8, A10^A14, CE, 0E-V IL 



— E-45 — 



TC54256AP/AF 



OUTLINE DRAWINGS (TC54256AP) 



Unit in mm 



28 15 




) 


< 

N 

1 




Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TC54256AF) 



15 
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TC54256AP/AF 



Unit in mm 



t 



18.9MAX 






0.43 ± OJ 



1.27 ±0.05 



o 



1 IS ± 0.3 



J^\ EK= 



15 ± 0.4 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



TMHI24512P/F 



TMM2451 2P/F 65,536 WORD x 8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 



[description! 

The TMM24512P/F is a 65,536 word x 8 bit one time programmable read only memory, 
and molded in a 28 pin plastic package. The TMM24512P/F's access time is 250ns, and 
has low power standby mode which reduces the power dissipation without increasing 
access time. The electrical characteristics and programming method are the same as 
U.V. EPROM TMM27512D's. Once programed, the TMM24512P/F can not be erased because of 
using plastic DIP without transparent window. 



FEATURES 



• Fast access time: 250ns 

• Low power dissipation 

Active : 120mA 
Standby: 35mA 

• Single 5V power supply 



IPIN CONNECTION! (TOP VIEW) 



A15[l 
A12[2 
A7[ 3 
A6[ 4 
A5£ 5 
A4[6 
A3[ 7 
A2C8 
Al[ 9 
A0£ 10 
00 1 11 
01 [ 12 
02 1 13 
ONDt 14 



28JV CC 
27 ]A14 
26 JA13 
25 JA8 
24 ]A9 
23 ]A11 
22 ]6"S/Vpp 
21 3A10 
20 3CTT 
19 307 
18 308 
17 305 
16 304 
15 303 



PIN NAMES I 


AO-vAlS 


Address Inputs 


00*07 


Outputs (Inputs) 


CT 


Chip Enable Input 


OT/Vpp 


Output /„ 

Enable /* r ° 8 " m 
t * / Supply 

Input / Voltage 


v C c 


Power Supply 
Voltage (+5V) 


GND 


Ground 



• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 
•.Pin compatible with TMM27512D 

• Standard 28 pin DIP plastic package: 

• Plastic Flat Package : 



TMM24512P 
TMM24512F 



BLOCK DIAGRAM! 



5E< 
c"E"< 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

A13 

A14 

A15 



OND 






o o x 2 3 4 o 5 o e c 7 

???????? 



o — 

o— 


5E 


CIRCUIT 






OUTPUT BUFFERS 




\ 




» 






t 


o— 

o— 

— 


co 

s 

b 
fa 

m 
w 

CO 


6 


COLUMN 
DECODER 


64 


COLUMN I/O 
CIRCUIT 






























, 




o— 


10 


ROW 
DECODER 


1024 


MEMORY CELL 

ARRAY 
6t%536X8t3its 


o— 
o— 

— 






a 




o — 


< 




o— 












o— 



















MODE SELECTION! 












^*-»*^^ PIN 
MODE ^ 


(20) 


OT/Vpp 
(22) 


VCC 
(28) 


00-0 07 
(11*13, 15*19) 


POWER 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


Vpp 


6V 


Data In 


Active 


Program Inhibit 


H 


Vp P 


High Impedance 


Program Verify 


L 


L 


Data Out 



* H or L 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Vqq Power Supply Voltage 


-0.6^7.0 


V 


V PP 


Program Supply Voltage 


-0.6^14.0 


V 


VlN 


Input Voltage 


-0.6^7.0 


V 


■ Vi/o 


Input/Output Voltage 


-0.6^7.0 


V 


?D 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature 


260 • 10 


°Osec 


T STG 


Storage Temperature 


-55 % 150 


°C 


T OPR 


Operating Temperature 


0^70 


°C 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


v cc +i.o 


V 


V IL 


Input low Voltage 


-0.3 


- 


0.8 


v C c 


V^c P° wer Supply Voltage 


4.75 


5.00 


5.25 



D.C. and 


OPERATING CHARACTERISTICS (Ta«0<W0°C, V CC -5V±5%) 








SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


in 


Input Current 


v IN -o^v cc 


- 


- 


±10 


UA 


J CC1 


Supply Current (Standby) 


CE-Vih 


- 


- 


35 


mA 


I CC2 


Supply Current (Active) 


CZ-v IL 


- 


- 


120 


mA 


V H 


Output High Voltage 


I O h"-400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I L-2.1mA 


- 


- 


0.4 


V 


!PP1 


Vpp Current 


Vpp»0<\,V cc +0.6V 


- 


- 


±10 


pA 


lLO 


Output Leakage Current 


V OUT -0.4V*\,V CC 


- 


- 


±10 


U A 
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A.C. CHARACTERISTICS (Ta-OWO'C, V CC -5V±5Z, V PP -2.0V^ V CC +0.6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


UNIT 


t ACC 


Address Access Time 


cT-5e"-v il 


- 


250 


ns 


fc CE 


CE" to Output Valid 


0F>V IL 


- 


250 


c OE 


OE to Output Valid 


CT-V IL 


- 


100 


C DF1 


CE to Output in High-Z 


0T-v IL 





90 


C DF2 


OF to Output in High-Z 


CE-V IL 





90 


c OH 


Output Data in Hold Time 


eE-oi«v IL 





- 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 



: 1 TTL Gate and CL-100pF 
: 10ns Max. 
: 0.45V * 2.4V 



Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta-25°C, f-lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClNl 


Input Capacitance 


V IN «0V 


- 


4 


6 


P F 


C IN2 


OE/Vpp Input Capacitance 


v IN -ov 


- 


50 


60 


CquT 


Output Capacitance 


VquT"0V 


- 


8 


12 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 

otz: 



A0~A13 



cE" 



5TT 



00-07 



^^ 



tCE 



1»H 



l ACC 



HIOH Z 



X 



l OH| 



LWMZMMa 



tDFl 



AWMMMMl 



tDF2 



DATA 0OTPUT8 



HIOH Z 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


v C c 


Vqq Power Supply Voltage 


5.75 


6.0 


6.25 


V PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 



D.C. and OPERATING CHARACTERISTICS (Ta-25±5 8 C, Vcc«6V±0.25V, Vp P -12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN -0 -v. V CC 


- 


- 


±10 


wA 


VOH 


Output High Voltage 


I 0H — AOOuA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L -2.1mA 


- 


- 


0.4 


V 


r cc 


Vqq Supply Current 


- 


- 


- 


130 


mA 


I PP2 


Vpp Supply Current 


V P p-13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A.C. PROGRAMMING CHARACTERISTICS (Ta-25±5°C, V C c-6V±0.25V, V PP «12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


C AH 


Address Hold Time 


- 


2 


- 


- 


US 


tOES 


0E"/Vpp Setup Time 


- 


2 


- 


- 


us 


tOEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


US 


t PRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ys 


tDS 


Data Setup Time 


- 


2 


- 


- 


US 


C DH 


Data Hold Time 


- 


2 


- 


- 


us 


C VR 


OT/Vpp Recovery Time 


- 


2 


- 


- 


US 


C VCS 


Vqq Setup Time 


- 


2 


- 


- 


us 


C PW 


Initial Program Pulse Width 


CE~-V IL , CE/Vpp-Vpp 


0.95 


1 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


C DV 


Data Valid from (?E 


0E7Vpp-Vi L 


- 


- 


1 


US 


tDF 


CE to Output in High-Z 


OE/V PP -V IL 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V * 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 



- E-52 - 



TMM24512P/F 



TIMING WAVEFORMS (PROGRAM) 

(V CC -6V±0.25V, Vp P -12.5V±0.5V) 



c£ 



OE/V PP 




v C c 



/ t vcs 



/ D JN STABLE \ 



PROORAil VERIFY 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp"12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 

The TMM24512P/F's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



-— ~^_^INNAMES (NUMBER) 
MODE " " — 


CE 
(20) 


OT/Vpp 
(22) 


v C c 

(28) 


00^07 
(11^13, 15^19) 


POWER 


Read Operation 
(Ta«0<W0°C) 


Read 


L 


L 


5V 


Data Out 




Output Deselect 


* • 


H 


High Impedance 




Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta»25±5°C) 


Program 


L 


vpp 


6V 


Data In 




Program Inhibit 


H 


V P p 


High Impedance 


Active 


Program Verify 


L 


L 


Data Out 





Note: H; V IH , L; V IL , *; V IH or V IL 

READ MODE 

The TMM24512P/F has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. The output enable (OE) con- 
trol the output buffers, independent of device selection. Assuming the CE»0E«Vil, the 
output data is valid at the outputs after address access time from stabilizing of all 
addresses. The CE to output valid (tcE) Is equal to the address access time (t^cc) • 
Assuming that CE«Vil and all addresses are v„_id, the output data is valid at the 
outputs after tQE from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE-Vjh or oE-Vjh, the outputs will be in a high impedance state. 
So two or more TMM24512P/F's can be connected together on a common bus line. When CE 
is decoded for device selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TMM24512P/F has a low power standby mode controlled by the CE signal. By 
applying a high level to the CE input, the TMM24512P/F is placed in the standby mode 
which reduce the operating current to 35mA from 120mA (about 70% reduction) by applyini 
MOS-high level (V^) and then the outputs are in a high impedance state, independent 
of the CE inputs. 
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PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24512P/F are in the 
"1" state which is erased state. Therefore the program operation is to introduce "0" 
data into the desired bit locations by electrically programming. The TMM24512P/F is 
in the programming mode when the 5E/Vpp input is at 12.5V and CE is at TTL-Low level. 
The TMM24512P/F can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with CE" at Vjl and OE/Vpp at Vil. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12. 5V) is applied to Vpp terminal, 
a TTL high level CE input inhibits the TMM24512P/F from being programmed. Programming 
of two or more TMM24512P/F's in parallel with different data is easily accomplished. 
That is, all inputs except for CE and SE may be commonly connected, and a TTL Low 
level program pulse is applied to the CE of the desired, device only and TTL high level 
signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the programming 
voltage (+12. 5V) is applied to the Vpp terminal with Vcc"6V. The programming is 
achieved by applying a single TTL low level 1ms pulse to the CE input after addresses 
and data are stable. Then the programmed data is verified by using Program Verify 
Mode. If the programmed data is not correct, another program pulse of 1ms is applied 
and then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times) . After correctly programming the selected ad- 
dress, the additional program pulse with width equal to that needed for initial 
programming is applied. When programming has been completed, the data in all ad- 
dresses should be verified with Vcq-5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

Q START J 




OVERPROORAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 




READ x^ NO t 

ALL BYTE 



< FAIL ) 



CZ^D 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM24512P/F which iden- 
tifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM24512P/F by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this condi- 
tions is manufacturer code. Device code is identified when address AO is set to Vxh* 
These two codes possess an odd parity with the parity bit of MSB (07) . 
The following table shows electric signature of TMM24512P/F. 



^^-^^^ PINS 
S IGNATURE ^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 

(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 
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Device Code 


VlH 











1 





1 





1 


15 



Notes: A9-12V±0.5V 

A1^A8,. A10-VA15, CE\ 0T-V IL 



— E-57 



TMM24512P/F 



OUTLINE DRAWINGS (TMM2A512P) 



28 


15 








M 


p 




< 

a 
ft 



Unit' in mm 




o~ 15' 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TMM24512F) 
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TMM24512P/F 



Unit in mm 




; = C ^< =7^3 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



256K BIT (32K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE MOS 



TC53257P 
TC53257F 



DESCRIPTION 

The TC53257P/F is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, this being suitable for use in program 
memory of microprocessor, and in character gener- 
ator. The TC53257P/F using CMOS technology is 
most suitable for low power applications where bat- 



tery operation is required. 

The TC53257P/F has one programmable chip 
enable input CE/CE, for device selection and one 
output enable input (OE) for fast memory access and 
output control. 



FEATURES 

© Single 5V Power Supply 
o Access Time : 200ns(Max.) 

• Power Dissipation 

Operating Current : 25mA(Max.) 
Standby Current : 20//A(Max.) 

• Pin Compatible with 256K EPROM TC57256D 
o Full Static Operation 



• Programmable Chip Enable 

o All Inputs and Outputs : TTL Compatible 
o Three State Outputs 

• Package 

Plastic DIP : TC53257P 
Plastic FP : TC53257F 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



NC C 1 
A12 C 2 
A7 C 3 
A6 C 4 
A5 C 5 
A4 C 6 
A3 C 7 
A2 C8 
Al C9 
AO C 10 
DO C 11 
Dl C 12 
D2C 13 
GND C 14 



PIN NAMES 



28 3 V DD 
27 3 A14 
26 3 A13 
25 3 A8 
24 3 A9 
23 3 All 
22 DOE 
21 3 A10 
20 3 CE/CE 
19 3D7 
18 3 D6 
17 3D5 
16 3D4 
15 3 D3 



V DD GND 



Ao~Ai4 


Address Inputs 


Do-Dt 


Data Outputs 


NC 


No connection 


CE/CE 


Chip enable input 


OE 


Output enable input 


Vdd 


Power supply 


GND 


Ground 



}} 



OE O 

CE 



°M>~i 



o 



AO 
Al 
A2 - 

A3 < 
A4 i 
A5 > 
A6 < 
A7 < 
A8 ' 
A9 i 
A10' 
All > 
A12 ■ 
A13< 
A14 i 



DO D1D2D3D4D5 D6 D7 

TT7TTTTT 



OUTPUT BUFFERS 

77 



COLUMN DECODERS 
TV 



=3 



32,768X8 
MEMORY CELLS 



F-3 - 



TC53257P 
TC53257F 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


Vdd 


Power Supply Voltage 


-0.5-7.0 


V 


Vin 


Input Voltage 


-0.5-7.0 


V 


VoUT 


Output Voltage 


0~Vdd 


V 


Pd 


Power Dissipation 


1.00.6* 


W 


TsTG 


Storage Temperature 


-55-150 


C 


Topr 


Operating Temperature 


-40-85 


C 


TSOLDER 


Soldering Temperature-Time 


260-10 


'C-sec 



Note : * Plastic FP 



D. C. OPERATING CONDITINS 



(Ta = -40~85'C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D. C. and OPERATING CHARACTERISTICS 



(Ta = -40~85'C. Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin=OV~Vdd 


- 


±1.0 


/iA 


Ilo 


Output Leakage Current 


CE~=Vih or OE=Vih 
Vout=OV~Vdd 


- 


±5.0 


AA 


lOH 


Output High Current 


V h = 2.4V 


-1.0 


- 


mA 


lot 


Output Low Current 


Vol = 0.4 V 


3.2 


- 


mA 


Iddsi 


Standby Current 


CE"=Vih CE = Vil 


- 


2 


mA 


IDDS2 


Standby Current 


CE"=Vdd-0.2V. CE = 0.2V 


- 


20 


*A 


Iddoi 


Operating Current 


Vih=Vih vil. tcYCLE=200ns 


- 


40 


mA 


l0D02 


Vin=Vdd-0.2V/0.2V. tcvcLE=200ns 


— 


25 


mA 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=1MHz. Ta = 25C 


- 


8 


PF 


COUT 


Output Capacitance 


f=1MHz, Ta = 25C 


- 


10 


PF 



Note : This parameter is periodically sampled and is not 100% tested. 



— F-4 



TC53257P 
TC53257F 



A. C. CHARACTERISTICS 



(Ta=-40-85-C. Vdd=5V±10%I 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tCYC 


Cycle Time 


200 


- 


ns 


tACC 


Access Time 


- 


200 


ns 


tCE 


Chip Enable Access Time from CE/CE 


- 


200 


ns 


tOE 


Output Enable Access Time from OE 


- 


70 


ns 


tCED, tOED 


Output Disable Time from CE/CE". OE 





60 


ns 


tOH 


Output Hold Time 





- 


ns 



A. C. TEST CONDITIONS 

Output Load : 100pF + 1TTL 

Input Levels : 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input: 0.8V. 2.2V 
Output: 0.8V. 2.2V 
Input Rise and Fall Time : 5ns 



TIMING WAVEFORMS 



A0-A14 



CE"CE 



OE 



J OUT 



X 



X 



'CYC 



Valid 



X 



'ACC 



CE 



CE - 



'CE 



\ 



tOE 



X 



1. 



'OH 



Valid 



'OED 



OPERATION MODE 


H : Vih. L : 


V.L 


, * : ViHor Vil 








MODE 


CE~(CE) 


OE 


Ao~.14 


Outputs 


Power 


Read 


L(H) 


L 


Valid 


Data out 


Operating 


Output Deselect 


L(H) 


H 


* 


High-Z 


Operating 


H(L) 


* 


* 


Standby 
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TC53257P 
TC53257F 



OUTLINE DRAWINGS 

> Plastic DIP 



Unit: mm 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 



R1.5 



^9 



, t^ "** iTi fT> rt^ rp rp 



Lfj i4j up up up up n^r 



H^ ^t 1 Hi rfi rfi rp rp 



■ | ■ ■!■ ■ | ■ ■[■ ■ ! ■ ■! ■ ■ i ■ ' 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 
37.4MAX. 




15.24TYP. 



5" 



A 



0.25 



+ 0.1 
-0.05 



17.4MAX. 



NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No.1 and No. 28 leads. 



© Plastic FP 



18.9MAX. 



i^ijiiji.ip»jiiji»ii,i!iiji»!iiiiij]iii>ji 



R0.64 



ffffffff 



mr 



1.27 ±0.05 



IW 



0.43 + 0.1 



^J— * 



±^^^$t^$^$^^_; ^ — | — ^ 



11.8 + 0.3 



NOTE : Each lead pitch is 1 .27mm. 

All leads are located within 0.1 2mm of their true longitudinal position with respect to No.1 and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



1 M BIT (1 28K WORD X 8 BIT) 
CMOS MASK ROM 
SILICON GATE CMOS 



TC531000AP 
TC531000AF 



DESCRIPTIUN 

The TC531000AP/AF is a 1,048,576 bits read only memory organized as 131,072 
words by 8 bits with a low bit cost, thus being suitable for use in program memory 
of microprocessor, especially character generator. The TC531000AP/AF using CMOS 
technology is most suitable for low power applications where battery operation are 
required. The TC53100CAP/AF has one chip enable input CE/CE, programmable for device 
selection. 



FEATURES 

• Single 5V Power Supply 

• Access Time: 150ns (Max.) 

• Power Dissipation 

Operating Current: 40mA (Max.) 
Strridhy Current : 20uA (Max.) 



PIN CONNECTION 



A15C 1 
A12 C 2 
A7 C 3 
A6 C 4 
A5C 5 
A4C 6 
A3C7 
A2C 8 
AlC 9 
AOC 10 
DOC 11 
D1C 12 
D2C 13 
QNDC 14 



28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 



DVDD 

3A14 

3A13 

DA8 

DA9 

DA11 

DA16 

3A10 

DCH/CE 

DD7 

3D6 

3D5 

DD4 

DD3 



PIN NAMES 



AO ^ A16 


Address Inputs 


DO ^ D7 


Data Outputs 


CE/CE 


Chip Enable Input 


V D D 


Power Supply 


GND 


Ground 



All Inputs and Outputs: TTL Compatible 
Three State Outputs 
Fully Static Operation 
Programmable Chip Enable 
Package Plastic DIP: TC531000AP 

Plastic FP : TC531000AF 



BLOCK DIAGRAM 



v Dt > QND 



DO Dl D2 D3 D4 D5 D6 D7 



? I nnnn 



CE 



-1 rfs 












D H^ 














/ 




AO O 

Al O 

A2 


s 
g 

m 

CO 
CO 
W 
PC 

p 
n 

< 






COLUMN DECODERS 


A3 O 


i 


A4 O 

A5 O 

A6 O 

A7 O 

A8 

A9 








/ 

i 


* 


AlO 

All 

A12 O 




CO 

K 
« 

n 
o 
o 

w 
p 

fs 
o 
« 


=> 


131,072 X 8 


A13 O " 


> 


A14 O 

A15 

A16 








MEMORY 


CELLES 
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TC531000AP 
TC531000AF 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.5^7.0 


V 


VlN 


Input Voltage 


-0.5 'v.Vdd 


V 


v OUT 


Output Voltage 


^VdD 


V 


PD 


Power Dissipation 


1.0/0.6* 


W 


T STG 


Storage Temperature 


-55^150 


°C 


TOPR 


Operating Temperature 


-40 a, 70 


°C 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°l>sec 



Note: * Plastic FP 



D.C. OPERATING CONDITIONS (Ta=-40 o,70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


A. 5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. and 


OPERATING CHARACTERISTICS 


(Ta=-40'W0 o C, V DD =5V±10%) 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vi N =0 ^V DD 


- 


±1.0 


yA 


ILO 


Output Leakage Current 


CE=V IH , VoUT=0^V DD 


- 


±5.0 


yA 


I 0H 


Output High Current 


V OH =2.4V 


-1.0 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


2.0 


- 


mA 


I DDS1 


Standby Current 


CE=V IH 


- 


2 


mA 


I DDS2 


Standby Current 


CE=V DD and V IN =0V (V DD ) 


- 


20 


yA 


iDDOl 


Operating Current 


v IN =v Ih/ v IL» t cycle =150ns 


- 


50 


mA 


I DD02 


VlN=VDD/0V, t C ycle=150ns 


- 


40 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


C IN 


Input Capacitance 


f=lMHz, Ta=25°C 


- 


10 


pF 


C OUT 


Output Capacitance 


f=lMHz, Ta=25°C 


- 


10 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (V DD =5V±107., Ta=-«0^70°C) 



TC531000AP 
TG531000AF 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tCYC 


Cycle Time 


150 


- 


ns 


C ACC 


Access Time 


- 


150 


ns 


t CE 


Chip Enable Access Time 


- 


150 


ns 


t CED 


Output Disable Time 


- 


50 


ns 


'OH 


Output Hold Time 





- 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Levels : 

• Timing Measurement Reference Levels 



: 100pF + 1TTL 
: 0.6V, 2.4V 



Input Rise and Fall Time 



Input : 0.8V, 2.2V 
Output: 0.8V, 2.0V 

: 5ns 



TIMING WAVEFORMS 



CE/CE 



J OUT 



X 



X 



-CYC 



tACC 



tCE 



X 



CE 



tOH 



Valid 



X 



OPERATION MODE 



MODE 


CE(CE) 


A0^16 


Outputs 


Power 


Read 


L(H) 


Valid 


Data Out 


Operating 


Output Deselect 


H(L) 


A 


High-Z 


Standby 



H: V IH , L: V IL , *: V IH or V IL 
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TC531000AP 
TC531000AF 

OUTLINE DRAWINGS 
Plastic DIP 




Unit: mm 



15.24±Q25 



it 



f Ql 
Q25-Q05 



0-15° 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No. 28 leads. 



Plastic FP 



28 



15 



nnnnnnnnnnnnnn 



uuuuuuuuuuuuuu 



14 



1R9MAX 



CX43±Q.l 



127±Q05 ri 

. C5 

■H 



Hfl±a3 



-_j^B^ 



13 ±Q4 



Note: Each lead pitch is 1.27mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCT 



2M BIT (256K W0RDX8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 



TC532000P 



DESCRIPTION 

The TC532000P is a 2,097, 1 52 bits read only 
memory organized as 262, 1 44 words by 8 bits with 
a low bit cost thus being suitable for use in program 
memory of microprocessor, especially character 
generator. The TC532000P using CMOS technoloby 
is most suitable for low power applications where 

FEATURES 

• Single 5V Power Supply 

• Access Time: 200ns(Max.) 

• Power Dissipetion 

Operating Current : 30mA(Max.) 

Standby Current : 20uA(Max.) 



battery operation is required. 

The TC532000P has one programmable chip 
enable input CE/CEJor device selection, and one 
output enable input OE for fast memory access and 
output control. 

The TC532000P is moulded in a 32 pin standard 
plastic package, 0.6 inch in width. 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• 32pin 600mil width Plastic DIP 

• Fully Static Operation 

• Programmable Chip Enable 



PIN CONNECTION 



BLOCK DIAGRAM 



NCC 
A l6 C 
A 15 C 



(TOP VIEW) 

K^f 



A 12 C 4 

A;C 5 

A 6 C 6 
A,C7 
A* Z 8 
AsC 
A>C 
A, C 



9 

10 
11 
12 
13 
D,dl4 



AoC 



gndC 



PIN NAMES 



32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



3v D0 

DNC 
DA 17 
3A 14 

3A.3 

DA. 

DA, 
DA, 

Doe 
]a 10 

DCE/CE 
3D, 



20 3D 6 
19 D"D 5 
18 3D, 
17 DD 3 



Ao-Ai? 


Address inputs 


Do~D 7 


Data outputs 


OE 


Output Enable input 


CE/CE 


Chip enable input 


N.C. 


No Conuection 


Vdd 


Power supply 


GND 


Ground 



Vdd GND 



Do D! D 2 D 3 D. D 5 D 6 D, 



■^h THTTTH 



oeo- 



Ao< 
A, l 
A 2 < 
A,( 

A.< 
A 5 < 

A6( 

A, ( 
A«C 
A, ( 
Aio< 
A„( 
Ai 2 ( 
A, 3 < 
A„C 
A 15 C 
AisC 
A I7 ( 



3D- 



OUTPUT. BUFFERS 



COLUMN DECODER 



262,144X8 bit 
MEMORY CELLS 
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TC532000P 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.5-7.0 


V 


Vin 


Input Voltage 


-0.5~Vdd 


V 


VoUT 


Output Voltage 


0~Vdd 


V , 


Pd 


* Power Dissipation 


1.0 


W 


TsTG 


Storage Temperature 


-55-150 


•c 


TORR 


Operating Temperature 


-40-85 


•c. 


TSOLDER 


Soldering Temperature • Time 


260-10 


"C • sec 



Note: 'Plastic FP 

D.C. OPERATING CONDITIONS 



(Ta=-40~85'C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT. 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. and OPERATING CHARACTERISTICS 



(Ta = -40~85"C, Vdd = 5V+10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0~Vdd 


- 


±1.0 


uA 


Ilo 


Output Leakage Cunnent 


CE=Vih or OE=Vih. Vout=OV~Vdd 


- 


±5.0 


uA 


l0H 


Output High Current 


V h=2.4V 


-1.0 


- 


mA 


lOL 


Output Low Current 


Vol=0.4V 


2.0 


- 


mA 


Iddsi 


Standby Current 


CE=Vih 


- 


5 


mA 


IdDS2 


Standby Current 


CE~=Vdd and Vin = OV (Vdd) 


- 


20 


uA 


Iddoi 


Operating Current 


Vin=Vih/V| L , tc V cie = 200ns, louT=OmA 


- 


40 


mA 


IDD02 


Vin=Vdd/OV, tcycie= 200ns, louT=OmA 


- 


30 


mA 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=1MHz, Ta = 25*C 


- 


8 


PF 


COUT 


Output Capacitance 


f=1MHz. Ta = 25'C 


- 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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TC532000P 



A.C. CHARACTERISTICS 



(Ta = -40~85-C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tCYC 


Cycle Time 


200 


- 


ns 


tACC 


Access Time 


- 


200 


ns 


tCE 


Chip Enable Access Time 


- 


200 


ns 


tOE 


Output Enable Access Time 


- 


70 


ns 


tCED. tOED 


Output Disable Time 





&o 


ns 


tOH 


Output Hold Time 





- 


ns 



AC TEST CONDITIONS 

Output Load 
Input Levels 
Timing Measurement Reference Levels 



Input Rise and Fall Time 
TIMING WAVEFORMS 



: 100pF+1TTL 
: 0.6V, 2.4V 

Input: 0.8V, 2.2V 
Output: 0.8V, 2.0V 
: 5ns 




OPERATION MODE 



MODE 


CF(CE) 


OE 


Ao-A 17 


Outputs 


Power 


Read 


L(H) 


L 


Valid 


Data out 


Operating 


Standby 


H(L) 


* 


* 


High-Z 


Standby 


Output Deselect 


L(H) 


H 


* 


High-Z 


Operating 



H: Vih, L: Vil . •: Vi H or Vn 
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TC532000P 



OUTLINE DRAWINGS 



Unit '• mm 




0'~15' 



0.251SJB 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 32 leads. 



Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are Implied, and Toshiba 

reserves the right, at any time without notice, to change said circuitry. 
e April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCT 



4M BIT (51 2K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 



TC534000P 



DESCRIPTION 

The TC534000P is a 4,194,304 bits read only memory organized as 524,288 words by 
8 bits with a low bit cost, thus being suitable for use in program memory of micro- 
processor, and data memory, especially character generator. The TC534000P using CMOS 
technology is most suitable for low power applications where battery operations are 
required. 

The TC534000P has one programmable chip enable input CE/CE for device selection. 
The TC534000P is moulded in a 32 pin standard plastic package, 0.6 inch in width. 



FEATURES 

• Single 5V Power Supply 

• Access Time: 250ns (Max.) 

• Power Dissipation 

Operating Current: 30mA (Max.) 
Standby Current : 20uA (Max.) 



PIN CONNECTION 



N.C.C 

A16 C : 

A15 C 

A12 C 
A7 C 
A6C < 
A5C 
A4 C f 
ASC < 

A2C: 

Al Cll 
AOC 12 
DO C 13 
DIE 14 
D2 C 15 
ONDC IS 



V 



10 



3V DD 

DA18 

DA17 

3A14 

3A13 

I]A8 

DA9 

3A11 

Doe 
Daio 

DOE/Cl 

DD7 

DD6 

DD5 

DD4 

DD3 



PIN NAMES 



All Inputs and Outputs: TTL Compatible 

Three State Outputs 

32 pin 600 mil width Plastic DIP 

Fully Static Operation 

Programmable Chip Enable 



A0 ^ A18 


Address Inputs 


DO ^ D7 


Data Outputs 


OE 


Output Enable Input 


CE/CE 


Chip Enable Input 


v DD 


Power Supply 


GND 


Ground 


N.C. 


No Connection 



BLOCK DIAGRAM 



v DD qi;d 

j j DO Dl D2 D3 D4 D5 D6 D7 

ninm 




OUTPUT BUFFERS 



COLUMN DECODERS 



524,288 X 8 Mt 



MEMORY CELLS 
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TC534000P 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.5^7.0 


V 


VlN 


Input Voltage 


-0.5 ^V DD 


V 


v OUT 


Output Voltage 


o^v DD 


V 


*D 


Power Dissipation 


1.0 


W 


T STG 


Storage Temperature 


-55^150 


°C 


TOPR 


Operating Temperature 


-40^85 


°C 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C-sec 



D.C. OPERATING CONDITIONS (Ta=-40 ^ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD -K).3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



D.C. and 


OPERATING CHARACTERISTICS 


(Ta=-40^85°C, Vdd=5V±10%) 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin=0 ^ VDD 


- 


±1.0 


yA 


lLO 


Output Leakage Current 


CE=Vih, V UT=OV^V DD 


- 


±5.0 


pA 


X 0H 


Output High Current 


V OH =2.4V 


-1.0 


- 


mA 


lOL 


Output Low Current 


V L=0.4V 


2.0 


- 


mA 


I DDS1 


Standby Current 


CE=V IH 


- 


2 


mA 


IDDS2 


Standby Current 


CE=V DD and V IN =0V(V DD ) 


- 


20 


UA 


IDD01 


Operating Current 


v IN=VlH/ v IL. t cycle =250ns 


- 


40 


mA 


I DD02 


V IN =V DD/ 0V » t cycle =250ns 


- 


30 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=lMHz, Ta=25°C 


- 


8 


pF 


c OUT 


Output Capacitance 


f=lMHz, Ta=25°C 


- 


10 



Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=-AO ^85°C, V DD =5V±10%) 



TC534000P 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tCYC 


Cycle Time 


250 


- 


ns 


tACC 


Access Time 


- 


250 


C CE 


Chip Enable Access Time 


- 


250 


tOE 


Output Enable Access Time 


- 


100 


t CED 


Output Disable Time 





80 


tOED 


Output Disable Time from OE 


- 


80 


tQH 


Output Hold Time 


20 


- 



AC TEST CONDITIONS 

Output Load 

Input Levels 

Timing Measurement Reference Levels 

Input Rise and Fall Time 





lOOpF 
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OPERATION MODE 
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OUTLINE DRAWINGS 
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Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No. 32 leads. 

Note: Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 
circuitry. 
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